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Changing patterns of early complications in cataract 
surgery with new techniques: a surgical audit 


JF ACHESON, J D McHUGH, ano M G FALCON 
From the South Wing Eye Department, St Thomas's Hospital, London SE1 7EH 


SUMMARY We have undertaken a retrospective review of samples of case records from patients 
undergoing cataract surgery at St Thomas's Hospital over the years of the introduction of new 
extracapsular techniques and the widespread use of intraocular lens implants. We found no 
significant change in the proportion of patients achieving a corrected visual acuity of better than or 
equal to 6/12 three months after surgery. However, tbe pattern of complications was found to have 
changed in three respects. Firstly, there was a fall in the frequency of raised intraocular pressure 
requiring treatment associated with the abandonment of intracapsular surgery and the use of 
chymotrypsin. Secondly, a considerable number of patients who had had extracapsular extractions 
suffered from visually disabling posterior capsular thickening (13%). Thirdly, there was a 
downward trend in the rates of vitreous loss and of reduced vision at three months due to vitreous 
haemorrhage, vitritis, and retinal detachment in the patients undergoing extracapsular cataract 


surgery. 


The debate surrounding the recent reintroduction of 
extracapsular cataract surgery has centred on two 
principal issues They are, firstly, the apparently 
superior reliability of posterior chamber intraocular 
lens implants,'* and, secondly, the probable reduc- 
tion in the incidence of certain visually disabling 
postoperative complications, in particular corneal 
decompensation, retinal detachment, and cystoid 
macular oedema.?" 

The argument is complicated by the fact that 
corneal endothelial cell loss and cystoid macular 
oedema may depend as much on pseudophakaa as on 
the extraction technique.* Furthermore in one recent 
study there was no significant difference in the visual 
results of a senes of patients undergoing intra- 
capsular surgery and anterior chamber lens implant 
in the first eye and extracapsular surgery and post- 
erior chamber lens implant in the second, indicating 
that the issue has yet to be settled." 

One aspect that has received less attention, how- 
ever, is the question of immediate and early compli- 
cations as the various new techniques are explored. 
Residents at the Bascom Palmer Eye Institute have 
been shown to learn to avoid posterior capsular 
rupture and vitreous loss according to a learning 
curve,’ and it might be expected this would be 
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reflected in the overall early complication rates 
when, in addition to teaching residents, senior 
surgeons are themselves exploring new techniques. 

In parallel with national and international trends 
the Eye Department at St Thomas's Hospital has 
seen an almost complete switchover from intra- 
capsular to extracapsular extractions between 1979 
and 1985. In 1979 380 out of 385 extractions were 
intracapsular but by 1985 the number had fallen to 19 
out of 574. In an attempt to detect any change in 
ocular morbidity when tried and tested techniques 
are supplanted by unfamiliar ones we have con- 
ducted a retrospective survey of serious postopera- 
tive complication rates and delayed early visual 
rehabilitation during this period. 

Cheng and colleagues from the Oxford Octet 
study” have recently reported the interim results of 
their unique prospective randomised trial comparing 
other variants of these techniques, and have devised 
a scoring system for use in the systematic evaluation 
of visual results and complications applicable to all 
surgical techniques." Such methods are not applic- 
able retrospectively, and it is emphasised that this 
study is more in the nature of an audit of surgical 
performance over a period of great change rather 
than a trial attempting to demonstrate the superiority 
of one technique over another. 
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Materials and methods 


Fifty eyes undergoing intracapsular extraction (IC) in 
1979 (group I) and 54 eyes undergoing IC extraction 
1n 1983 (group IT) were studied. Operations from two 
separate years were examined to assess more accur- 
ately a baseline complications rate for IC extraction. 
Fifty extracapsular extractions (EC) from both 1984 
(group IIT) and 1985 (group IV) were studied for 
comparison, these being the first years when this 
method was used in the majority of cases at St 
'Thomas's Hospital. For analysis of the data the 
second of each pair of eyes in patients undergoing 
bilateral extractions was excluded, leaving 39 eyes in 
group I, 50 in group II, 47 in group III, and 49 in 
group IV. 

The hospital clinica] records were randomly 
located by means of the hospital activity analysis 
(HAA) prepared for computerised returns to the 
auditor at the regional health authority. 

Preoperative and postoperative complications and 
the visual acuities three months after surgery were 
noted in each of the groups. The best corrected visual 
acuities (VA) were divided into two groups: those 
attaining better than or equal to 6/12, and those 
falling to 6/18 or below. A note was made of the 
apparent cause of reduced vision at three months 
The age of the patient and the presence of pseudo- 
phakia and coincidental ocular and systemic path- 
ology were also noted. 


Results " 


The results are recorded in Tables 1-5. 


Table 1 Composition of patient groups 








Group 
I Total number of eyes -50 

Tota] number of patients" -39 

IOLs (mu chp) -1 

Mean patient age 69-6 years 
Ir Total number of eyes 54 

Total number of patients -50 

IOLs (all irts cirp) n3 

Mean patient age 70-6 years 
In Total number of eyes -50 

Total number of patients 47 

IOLs (1 ins clip, 29 posterior chamber) -30 

Mean patient age 71-5 years 
IV Total number of eyes x50 

Total number of patients =49 

IOLs (all postenor chamber) -31 

Mean patient age 74 6 years 


“Where one patient m the sample bas had bilateral extractions the 
second cye has been excluded 
All 89 patents m groups I and lf underwent a standard 
procedure with a imbal sectson, a-chymotrypsin, 
eryoshde, and virgin slk sutures 


J F Acheson, J D McHugh, and M G Falcon 
Table2 Principal operative and early postoperative 
complications 


1 (n=39) 


2(5%) 
4 (10%) 


IH (nm50) HI (nw47) TV (n49) 


33%) 12%)  !(2X) 
602%) — L 


Group 





4 (8%) 4 (8%) 


Rased mtraocular 5(13%)  1i(28%) 4(8%) 0 


pressure 


*Raused intraocular pressure defined as pressure over 25 mmHg on 
atleast one occasion, associated with corneal epithelial ocdema and 
requiring the prescription of hypotensive agents during the first 96 
hours after operation 


'"Table3 Complications apparently causing reduced visual 


acuity at three months after surgery 








Groups 

Iand Il Ill and IV 

(n=89) (n=96) 
Corncal oedema 8 (9%) 6(6%) 
Cystosd macular oedema 4 
Posterior capsular thickening — 12 
Lens/capsular remnants 1 — 
Retmal detachment 2 0 
Persistent hyphaema 2 0 
Vitreous losz/haemorrhagc/vitritr 5 2 
Uncertam 2 2 
Tota 2 26 





Table4  Coincidental ocular pathology apparently 
contributing to diminished visual acuity three months after 
surgery 


Diabetic retinopathy/maculopathy 5 
Previous anterior segment surgery 5 
Senile macular degeneration 4 
Corneal scars 3 
Endothelial guttae/Puchs's dystrophy 2 
Chronic uveitis l 
Myopic retinal degeneration 1 
Macular bole l 
Chronx glaucoma l 
Previous retinal detachment surgery I 

2 


Total (all groups lrsted together) 4 (12 7%) 


Table5 Visual acuity scores three months after surgery 





Group I H In Iv Mean 

Subtracting paired eyes 

<612 28(71%) 36(72%) MMA) 37(75%) 72:5% 

2618 1i 14 13 12 

Total 39 50 47 49 

Subtracting comnctdental ocular pathology 

«612 28(86%) 36(87%) 34(81%)  37(849) 845 
muplants only 19(7696) — 25(89*6) 

-G18 6 6 8 6 

Total 34 “2 L^) 43 
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Discussion 


The years 1979-85 saw the adoption at St Thomas’s 
Hospital of extracapsular cataract surgery in place of 
a well established intracapsular technique. In place of 
a standard procedure a wide variety of methods were 
used: for example, corneal and limbal sections; nylon 
and silk sutures; various designs of suction/aspiration 
apparatus; viscoelastic agents and air to maintain the 
anterior chamber and protect the corneal endo- 
thelium; and above all in many cases a wide variety of 
designs and models of intraocular lenses 

Consultant surgeons have tried out new methods, 
and residents have been exposed to all the permuta- 
tions. Against this background it 15 interesting to note 
that in these samples the major surgical complication 
rate, especially for vitreous loss, has clearly fallen. 
The vitreous loss rates of 5% and 6% for froups I and 
II (Table 2), and of 2% for both groups IIT'ahd IV 
indicate a downward trend that should be compared 
with the figures of 196 and 396 in two recent 
reviews." The same trend is seen for the vision- 
reducing vitreoretinal complications three months 
after surgery (Table 3) of vitreous haemorrhage, 
vitntis, and retinal detachment. 

A further difference in the extracapsular groups 18 
the reduction in the rate of early postoperative rise 
in intraocular pressure. Kirsch" first proposed a 
relationship between the use of a-chymotrypsin in 
cataract surgery and the occurrence of a self-limited 
postoperative glaucoma, but in extracapsular surgery 
sodium hyaluronate is associated with the same 
phenomenon."* However, in these samples of 96 
extracapsular extrachons sodium hyaluronate was 
used in only 35 cases, and the effect of abandoning 
a-chymotrypsin appears to outweigh the effects of 
introducing hyaluronate. 

The frequency of 13% (Table 3) of patients in 
groups III and IV whose poor visual acuity (less than 
or equal to 6/18 at three months) appeared to be due 
to posterior capsular thickening may be compared 
with the figure of 14-3% reported by Seward and 
Doran” after a longer mean follow-up period of 26 
months. This appears to be by far the commonest 
visually disabling complication in the extracapsular 
groups and may be treated either by surgical or YAG 
laser capsulotomy. However, such secondary pro- 
cedures are not without risks, with particular respect 
to cystoid macular oedema, raised intraocular 
pressure, and pupil block glaucoma.” 

The rates of persistent corneal oedema at three 
months remained constant at 9% and 6% in the 
intracapsular and extracapsular groups, and the 
similarity of these figures may reflect the fact that 
comeal endothelial cell loss both during and after 
surgery continues to be a problem with all tech- 
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niques." However, we have the strong clinical 
impression that the figure is nowadays much less. 

Three months after surgery (Table 5) 72-5% of our 
patients achieved a corrected visual acuity of better 
than or equal to 6/12. This improves to a figure of 
84-5% when coincidental ocular pathology (Table 4) 
is taken into account. No significant difference 
appeared between the proportion of patients from 
the intracapsular and the extracapsular groups reach- 
ing this level of visual function. The first group (group 
IV) in which the majority received intraocular lenses 
did well, with 89% achieving better than or equal to 
6/12 after allowance was made for coincidental ocular 
pathology. These figures are comparable to the rates 
of 89-5% and 84-7% reported by Jaffe? and Karp and 
Scheie.” 

In this audit of the case records of patients under- 
going cataract surgery over a period of rapid change 
we could detect no significant excess ocular morbidity 
associated with the introduction of extracapsular 
techniques with postenor chamber implants. How- 
ever, the pattern of carly complications appeared to 
have changed markedly, with a reduction in the rates 
of posterior segment complications and the new need 
for secondary laser capsulotomy. 
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The Ciapryna coaxial cannula 


R V PEARSON anp J D JAGGER 


From the Western Ophthalmic Hospital, Marylebone Road, London NWI 


SUMMARY We describe a high quality, reusable, coaxial irrigation aspiration cannula for cortical 
cleansing during cataract surgery. Its advantages are that it is cheap, resterilisable, atraumatic, and 
has a rapid inflow, low-pressure irrigation rate enabling faster and safer aspiration of soft lens 


matter. 


Numerous instruments and instrumentation systems 
have been designed for aspirating soft lens matter in 
extracapsular cataract surgery. These are usually of 
two main types, manually operated or automated. 
The latter are substantially more expensive to pur- 
chase and maintain, whereas manually operated 
devices are simpler and cheaper, and may differ in 
being bimanual, one-handed,’ ? disposable, reusable, 
adaptations of other commonly available cannulae’ 
or specifically designed. At the Western Ophthalmic 
Hospital we have helped Mr Bob Ciapryna design a 
refined, inexpensive, resterilisable, coaxial cannula 
with advantages over current commercially available 
instruments. 


Description 


The Ciapryna coaxial cannula (Fig. 1) consists of 
three components: (1) A 21-gauge aspiration needle 
47 mm long which is obtainable with either a 0-2 mm 
or 0-3 mm single port, 0-075 mm from its smoothly 
rounded tip. The needle 1s mounted on a standard 
lockable Luer hub with a smoothly waisted connec- 
tion which fits securely into and is shrouded by (2) a 
screw fitting nylon end plug that is leak-free. This 
screws into (3) the cannula body, also with a lockable 
Luer hub for the attachment of the irngation drip 
tubing. The outer 1-5 mm irrigation cannula has two 
large 1-0 mm aperture ports 1-0 mm from its tip, 
which is smoothly tapered to enable an atraumatic 
entry into the eye to be made. The overall length is 
6:5 cm. Parts 1 and 3 are made of medical grade 
chrome plated brass. It is sterilised by either ethylene 
oxide or steam autoclaving. 

We have performed over 100 cases before any 
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leakage from the nylon end plug occurred. Separate 
parts are readily obtained from the manufacturer if 
required. 


Method of use 


The aspiration needle 1s connected to either a 2-0 ml 
or 5-0 ml disposable syringe, partially filled with 
balanced salt solution. The irrigating port is con- 
nected via drip tubing to the irrigating fluid, and the 
rate of flow is adjusted by raising or lowering the 
infusion reservoir. The cannula is inserted through 
the section with the port visible, and fluid may be 
injected through the aspiration needle to deepen the 
anterior chamber, facilitating an atraumatic entry of 
the smoothly contoured coaxial cannula into the eye. 
Cortical cleansing is performed in the usual manner. 


Comparison with other instruments 


This coaxial cannula was designed to be an improve- 
ment on currently available manual coaxial cannulae 
with regard to cost, performance, and quality of 
manufacture. Multiple surgery is more expensive 
with single-use disposable cannulae. The latter are 
often less smoothly finished, and some varieties are 
not contoured and may cause trauma during entry 
into the eye, particularly stripping of Descemet’s 
membrane. Reusable coaxial cannülae were expen- 
sive in the past but are now becoming less so. They 
are generally well machined and atraumatic. Both 
disposable and reusable types of cannulae require 
high hydrostatic pressures to maintain a rapid inflow 
rate, with the consequence in some patients of 
intermittent corneal oedema or a sudden, and at 
tmes alarming, movement of the posterior capsule 
posteriorly. We compared the pressure-flow relation- 
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Fig. 1 Assembled Ciapryna 

coaxial cannula. Inset: Contoured 

tip with irrigation and aspiration ————— 
ports. 


ship of this cannula with that of other commonly 
available reusable and disposable cannulae. Table | 
shows that the flow rates through the Ciapryna 
cannula are greater at all hydrostatic pressures and 
that this cannula can also deliver a greater overall 
flow rate. There is thus less chance of high-pressure 
induced corneal oedema or fluctuating anterior 


Table | Relationship between flow rate (ml/min) and 
hydrostatic pressure, expressed as bag height in feet and 
mmHg for the cannulae investigated 





Reusable cannulae 





Hydrostatic Cannula wpe 
pressure=bag 
heightinfeetof Simcoe” Melntvre? Ciapryna 
water (mmHg) 
Flow rate (ml/min) 
1 (23:75) +61 1-17 8-59 
2 (47-50) 10-34 324 24-09 
3 (71-25) 15-60 5-83 38-05 
4 (95-00) 16-44 7.63 46-49 


Disposable cannulae 


Hydrostatic Cannula type (Steriseal cannula model no. ) 
pressure=bag 

heightinfeetof 1617 1618 1622 1624 
water (mmHg) 

Flow rate (ml/min) 

| (23-75) 484 484 4-70 2-17 
2 (47-50) 8-45 9-18 9-68 425 
3 (71-25) 13-33 13-10 14-28 13-33 
4 (95-00) 15-58 15-58 16:90 18-18 





*Simcoe double-barrelled irrigation/aspiration unit No. E4971, 23 
gauge, 0-3 mm aspiration port. Stortz Instrument Co. (reusable). 
tOriginal Mcintyre coaxial irrigation/aspiration cannula system No. 
E4395 3MEA. Stortz Instrument Co. (reusable), Metric conversion: 
1 foot=30 cm. 


R V Pearson and J D Jagger 
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chamber depth, with less risk of capsular or zonular 
rupture. 

Each cannula is hand made to a high standard, all 
components being flush fitting, all edges smoothed, 
and thus optimally atraumatic. The nylon end plug is 
recessed to accommodate the aspiration cannula 
hub, and this protects the fine bore of the inner 
aspiration needle from being bent or broken by 
inadvertent tangential traction forces during use. The 
smooth, atraumatic, waisted contour enables a 
watertight seal to be maintained between preplaced 
sutures, lessening leakage of irrigation fluid from the 
section with the advantage of substantially less 
irrigating fluid passing through the eye. 

The cannula is designed to be highly cost effective, 
usually being cheaper than disposable units after use 
in 10 to 12 cases, and is placed towards the lower end 
of the price range of resterilisable cannulae. All 
ancillary equipment such as syringes and drip tubing 
is readily available and inexpensive. It has been used 
for over two years on over 500 patients by many 
surgeons, including those in training, both at the 
Western Ophthalmic Hospital and elsewhere. 


The authors have no financial interest in this product. We are 
grateful to Shirley Pearson for secretarial assistance and Max Brown 
for photographic material. 
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PRESCRIBING INFORMATION 

PRESENTATION 

A clear, colourless solution in a plastic dropper bottle. Glauline is 
available in three strengths containing 0.1%. 0.3% or 0.6% w/v 
metipranolol together with benzalkonium chloride 0.01% w/v as a 
preservative 

USES 

Glauline is a beta adrenoceptor blocking agent used in the topical 
treatment of chronic open-angle glaucoma and other conditions in which 


intra-ocular pressure is elevated above normal levels 
DOSAGE AND ADMINISTRATION 


The recommended dosage is one drop instilled into the affected eye twice 


daily. Newly diagnosed patients should be treated in the first instance 
with Glauline 0.1%, changing to a higher strength if adequate control is 
not achieved or maintained. Patients on existing therapy, whether or not 
this is to be continued, should receive 0.3% Glauline and the intraocular 
pressure of all patients should be monitored regularly (e.g. every 4-6 
weeks) 

Use of the 0.6% strength is only recommended in patients who are not 
controlled on the lower strengths of Glauline 

CONTRA-INDICATIONS, WARNINGS ETC 

The use of Glauline is not recommended in patients with obstructive 
airway disease, cardiac failure or hypersensitivity to metipranolol. Beta 
blockers should not be given with verapamil and neither drug should be 
administered within several days of discontinuing the other. As 
absorption into the circulation is possible, Glauline should only be used 
with caution in patients already receiving similar drugs by mouth. In 
particular, care should be taken in patients with sinus bradycardia and 
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greater than first degree heart block. Although there is no evidence to 
suggest that metipranolol has teratogenic properties, its use during 
pregnancy should be avoided, unless the potential benefits are considered 
to outweigh the possible hazards. No clinical trials in children have been 
carried out. Glauline should not be used in patients fitted with soft 
(hydrophilic) contact lenses 
PHARMACEUTICAL PRECAUTIONS 
Glauline should not be diluted or dispensed from any container other 
than the original bottle. It is potent for three years unopened, but as with 
other eye drops the contents of each bottle should be discarded one 
month after opening 
LEGAL CATEGORY — POM 
PACKAGE QUANTITIES 
Glauline is supplied as a sterile ophthalmic solution in a 5ml plastic 
dropper bottle 
FURTHER INFORMATION 
Glauline has little or no effect on pupil size or accommodation 
Glauline is generally well tolerated but some patients may complain of a 
slight stinging which soon passes off. Transient headaches have also been 
reported 
PRODUCT LICENCE NUMBERS Smith & Nephew Pharmaceuticals Ltd 
Glauline 0.1% 0033/0104 Bampton Road, Harold Hill 
Glauline 0.3% 0033/0105 Romford, Essex RM3 8SL, England 
Glauline 0.6% 0033/0106 Telephone: ingrebourne (04023) 49333 

Telex: 898 058 SMINEPG 

Fax: 04023 71316 
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opical beta-blocker 
or the management of 
glaucoma 


DISPERSA 


Teoptic: Abbreviated prescribing information 

Presentation: . Sterile eye-drops containing carteolol hydrochloride 1% or 2% w/v with benzalkonium chioride 0.005% as a preservative. 
Uses: Topical treatment for the reduction of intraocular pressure e.g. in ocular hypertension, chronic open angle glaucoma, some secondary 
slaucomas. Dosage and administration: Initially the recommended adult dose is one drop of Teoptic 1% Eye-drops in affected eye twice daily. If 
required the dosage may be altered to one drop of Teoptic 2% Eye-drops in affected eye twice daily. Children: Use not recommended. Elderly 
patients; Recommended adult dose suitable. Contra-indications: Uncontrolled cardiac insufficiency. Bronchospasm, bronchial asthma, chronic. 
obstructive pulmonary disease. Pregnancy. Hypersensitivity. Precautions: As with other topically applied ophthalmic preparations, Teoptic may be 
absorbed systemically. Therefore Teoptic should be used with caution in patients receiving systemic beta-blockers or with known contra- 
indications to systemic beta-blockers e.g. sinus bradycardia, second and third degree block, cardiogenic shock, uncontrolled diabetes. 





Five good reasons for 
prescribing Teoptic 


As with ali ophthalmic preparations containing benzalkonium chloride, soft or gas-permeabie contact lenses should not be worn during treatment. 
Side effects: Ocular reactions such as irritation, burning, pain, blurred vision, conjunctival hyperaemia and corneal disorders such as keratitis 
may occasionally develop. As with all beta-blockers bradycardia, dyspnoea, headache, lassitude and vertigo have occasionally been reported. 
Breast feeding: Teoptic may be systemically absorbed and penetrate the breast milk. Use in lactating mothers should therefore be at the 
discretion of the physician. Basic NHS Cost and Product Licence Numbers: Teoptic 1% Eye-Drops £5.05 per Smi bottle (0030/0040) Teoptic 2% 
Eye-Drops £5.67 per 5ml bottle (0030/0041). Product Licence holder: Dispersa, Westhead, 10 West Street, Alderley Edge, Cheshire SK9 7XP. 
Further information is available on request to the above address. Teoptic is under licence from Otsuka, Japan. 
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pac Prescribing Information. Presentation: Sterile, bland, non- 
me ophthalmic ointment for topical administration to humans, containing 
white petrolatum minera! oil, non-ionic lanolin derivatives with chlorobutanol 0.5% At th e e n d of the da 
as a preservative. Uses: Useful as adjunctive therapy to lubricate and protect the 
eyein conditions characterised des ^ei vw Pur ilice eia 
eed cor me wig and keratit 
ure ceres cscs dioica Cows angeamnerater’ — theres nothing E like it- 
heeded Contre-indications etc: No known , Pharmaceutical 
precautions: Store . do not 
saat to iy sien Legal Category: P Package quantities: AIO MM > 
hthalmic tubes Basic NHS Cost: (as at May 1987) £1.76. Product Licence i 


Number: PL 0426/0041. Product Authorisation Number: PA 148/38/1 
{Allergan Pharmaceuticals (I) Limited, Westport, Co Mayo). 


AJIERGAN 


ADVANCING EYE CARE 


Limited, 
Turnpike Road, Cressex, Wycombe, Bucks. HP12 3NR 
Full prescribing information is available on request. denotes registered trademark 





British Journal of Ophthalmology, 1988, 72, 487-493 


Control of astigmatism in cataract surgery 


NICHOLAS A P BROWN anp JOHN M SPARROW: 
From the Nuffield Laboratory of Ophthalmology, Walton Street, Oxford OX2 6AW 


SUMMARY A study is reported on cataract surgery, with intraocular lens implant, with measure- 
ment of the preoperative astigmatism and of the postoperative astigmatism over 28 weeks. Nine 
interrupted 10/0 nylon sutures are used to close a limbal section, Preoperative astigmatism is 
compensated for in the method of suturing by the placement of additional sutures. Postoperatively 
sutures are cut in line with the plus cylinder axis in eyes showing excessive astigmatism with the 
rule. Final postoperative astigmatism is controlled within 2-25 D cyl. 68% of cases lie within 1-0 D 
cyl with the rule to 1-0 D cyl againsj the rule. The average case in which sutures are not cut is one 
having 1.51 D cyl with the rule at one week postoperatively, declining to zero at approximately 12 
weeks, and having a final value of 0-17 D cyl against the rule. No significant change in cylinder is 
seen after 10 weeks. The final postoperative astigmatism is only weakly correlated with the 
preoperative astigmatism, showing that the surgical method is effective. The spherical equivalent 
error is shown to shift in the direction of myopia in the postoperative period. 


matism, and this is borne out in practice." " The longer 
the bite of each suture, the more will excessive 


Astigmatism in the operated eye with an intraocular 
lens implant is most undersirable, since it reduces the 


effectiveness of the procedure. It is therefore worth- 
while with these eyes to have an operating method 
that minimises astigmatism, even though it requires 
more time and attention by the surgeon. 

Several factors responsible for surgically induced 
astigmatism have been identified. The most signifi- 
cant factor is in the tightness of the section closure.’ ° 
A loosely closed section allows the cornea to flatten 
with reduced curvature in the vertical meridian (Fig. 
1), causing astigmatism against the rule. If the section 
is closed tightly, it stretches the cornea vertically, 
increasing the curvature in the vertical meridian (Fig. 
2) and causing astigmatism with the rule.’ Other 
factors which have been defined are the preoperative 
astigmatism ', the position, * length, and shape of the 
section, and the method of suturing,' ^ the number 
of sutures,” sideways misalignment of section 
closure," and the postoperative use of steroids." In 
theory the further the section is made from the 
optical zone of the cornea' the less will inaccurate 
(over-loose or over-tight) suturing affect the astig- 
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tension in the suture affect the astigmatism." The 
intraocular pressure (IOP), when raised, is a possible 
factor causing stretching of the section. 

With the information available from the literature 
and from our previous experience it has become 





Fig. | 


Keratograph of an eye postoperatively showing 
3:50 D cyl against the rule due to a loosely closed section. 
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Fig.2 


Keratograph of an eve postoperatively showing 1-75 
D cyl with the rule. This is found to be the ideal initial 
postoperative result. 


possible to design an effective method of section 
closure. Our previous experience was with inter- 
rupted virgin silk sutures with a limbal section and 
continuous (bootlace) nylon suture with a corneal 
section. The silk sutures produced initially a with- 
the-rule astigmatism, which gradually reduced to 
produce, all too often, a significant against-the-rule 
astigmatism on completion of healing. The con- 
tinuous nylon suture produced an initial with-the- 


Fig.3 The limbal section with two ‘cat's ear’ notches to 
ensure accurate repositioning. Nine interrupted 10/0 nylon 
sutures are standard. 
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rule astigmatism of a very variable amount. This 
showed less tendency to reduce with time, which has 
also been experienced by others.^^ However, there 
were a few cases in which the continuous suture 
appeared to lose tension at about three weeks 
postoperatively, allowing the sudden development of 
against-the-rule astigmatism. The use of a kerato- 
meter in the operating theatre," ^ prevents the 
cases of initial excessive with-the-rule astigmatism 
due to too tight a continuous suture, but it cannot 
guard against those cases that become slack subse- 
quently, which would appear to be due to the 
interaction between the suture and the patient's 
tissue. We therefore concluded that interrupted 
sutures would be safer, since an individual suture 
becoming slack would not affect the entire section, 
and in addition these can be placed in a way to 
overcome the pre-existing astigmatism even when 
obliqué. 

Factors in postoperative astigmatism that we have 
not been able to take into account in the present 
study include tilt’ and decentration of the lens 
implant.” 


Materials and methods 


SELECTION OF PATIENTS 

One hundred consecutive eyes with cataract were 
included provided there was information on their 
previous refraction and the patients subsequently 
attended for follow-up to at least 22 weeks post- 
operatively. Ninety eyes received adequate follow- 
up and are reported on. 


OPERATIVE METHOD 

All eyes were operated on by the same technique. A 
limbus based conjunctival flap was followed by a 12 
mm limbal section (Fig. 3) cut with a diamond and 
having two ‘cat’s ears’ to half the corneoscleral depth. 
The 'cat's ears’ ensure accurate repositioning of the 
section, and the first sutures are put in at these points. 
No preplaced sutures are used. The lens is extracted 
by the extracapsular method. After expression of the 
lens substance, one 10/0 nylon suture is inserted at 
the nasal ‘cat's ear’, prior to the aspiration of the 
remaining lens material and the insertion of a 
posterior chamber lens implant in the capsular sac. 
Sodium hyaluronate (Healonid) is used in all cases. 
The section is closed with interrupted 10/0 nylon. The 
needle is first passed into the section on the scleral 
side and then through the surface on the corneal side 
(Figs. 4A, B). so that the knot is formed in the depth 
of the section. The overall distance of needle passage 
through the tissue is kept short (1-4 mm). A surgical 
knot is followed by a third tie and the ends are cut 
short. The basic number of sutures is nine. If the 
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Fig. 4A 
Fig.4 A, B: The method of corneoscleral suturing to form a buried knot with 10/0 nylon. 


patient had previously against-the-rue astigmatism, 
then additional sutures are added in line with the 
minus axis of the cylinder (Fig. 5). If the patient had 
previously with-the-rule astigmatism, the nine 


Fig 5 Modified suturing to correct against-the-rule 
astigmatism by the insertion of additional sutures. 


Fig 4B 


sutures are used and tied less firmly. Overtight suture 
tying by this method is uncommon, since the initial 
turn on the knot will slip before the second turn 
is added. Oblique astigmatism 1s corrected by 
additional sutures in line with the minus axis of 
the pre-existing cylindrical correction (Fig. 6). 
Acetazolamide 500 mg is given intravenously on 
completion of the operation. 


POSTOPERATIVE MANAGEMENT 
The patients received Maxitrol (neomycin, poly- 
myxin B, dexamethasone) eye drops four times daily 
and Timoptol (timolol) eye drops 0-596 twice daily 
from the first postoperative day. The patients were 
seen at one week and two weeks postoperatively and 
then more variably, depending on individual needs at 
three, four, and six weeks, and then at longer 
intervals up to 22 weeks or longer. The patients were 
refracted and the applanation tension taken at each 
visit. 

It was usual to find a with-the-rule astigmatism 
initially, which then declined. In patients showing a 
large initial with-the-rule astigmatic error of 43-0 D 
cyl or more, suture cutting was performed at one or 
two weeks postoperatively. When there was a persist- 
ing with-the-rule astigmatism of 2-25 D cyl or more at 
three weeks, suture cutting was initiated or further 
sutures cut in eyes that had already had sutures cut 
(Fig. 7). The procedure was continued up to six 
weeks, and in one case sutures were cut at 10 weeks. 


490 


Fig.6 Modified suturing to correct oblique astigmatism In 
this case additional sutures are inserted to correct a pre- 
existing minus cylindrical correction at 150° 


Individual sutures were cut at the slit-lamp micro- 
scope, the first suture cut being that in line with the 
plus cylinder axis. These patients then attended one 
week after suture cutting, when further sutures might 
be cut. The part of the suture that is cut is the most 
corneal limit of it. The corneal part of the suture then 


1| AGAINST 





" Weeks foai- Operative 
1 29 


1 4 5 a 00 “ 18 2 
Fig 7 Change in astigmausm in individual cases in which 
sutures cut. X marks the point in time when sutures cut. 
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retracts into the cornea, and the scleral part remains 
lying flat under the conjunctiva; the suture does not 
need removing. The suture cutting procedure was 
used in nine eyes and would have been used in two 
others, but the patients were unable to attend in the 
appropriate period. 

The applanation tension was taken at each visit. 
All eyes showing tensions over 20 mmHg were 
continued on timolol eyedrops; otherwise the eye- 
drops given initially were stopped at one week 
Maxitrol eyedrops were given four times a day for 
one month, twice daily for the next month, and daily 
for the following month. 


Results 


Pre- and postoperative astigmatic errors are con- 
sidered to be with the rule when the plus correcting 
cylinder lies between 46° and 135°, and against the 
rule when the plus correcting cylinder lies between 
136? and 45*. 

Of the 90 eyes completing this study the greatest 
final cylindrical refractive errors were 2-25 D with the 
rule and 2-25 against. 68% of the eyes had refractive 
errors within 1:00 D-with the rule to 1-00 D against 
(Fig. 8). The distribution of final refractive errors was 
nearly even between with and against the rule (mean 
cylindrical error 0-17 D against the rule). 


CASES NOT REQUIRING SUTURE CUTTING 

Most of the patients had assessments at weeks 1,3, 6, 
10, and 28. Some patients' visits did not conform to 
these precise times—for example, a patient may have 
been seen at week 8 or 12. In such cases, in order to 
facilitate statistical analysis, linear interpolation was 


AGAINST WITH 
10 
200 126 050 025 080 125 200 
to to to to to to 
250 1785 100 025 100 175 250 


Fig.8 Percentage distnbution of final refractive errors (all 
cases). f 


Control of astigmatism in cataract surgery 


4 







CYLINDER 
WITH 


AGAINST 


used to derive the expected refractive values at the 
required times as indicated above 

Astigmatism with the rule was found to decrease 
from an initial mean of 1-51 D at week 1 to a mean of 
0-18 D at week 10. This trend, illustrated in Fig. 9, 
was highly statistically significant; one-way analysis 
of variance yielded p=0-003. From the 10th to the 
28th weeks there was a further slight reduction in 
with-the-rule astigmatism to a final mean of 0-17 D 
against the rule—that is, just crossing the point of 
zero astigmatism. There was, however, no statistical 
difference between the astigmatism at week 10 and 
that at week 28 (paired t tests, p=0-67). 

The postoperative IOP was correlated with neither 
the initial rate of astigmatic decline (correlation 
coefficient=0-097) nor with the total astigmatic 
change (correlation coefficient=0-152). 

The preoperative astigmatic error correlated 
weakly with final postoperative astigmatic error 
(correlation coefficient=0-243). This is illustrated in 
Fig. 10. There was no signficant difference between 
preoperative and final postoperative astigmatic error 
(paired t tests, p=0-746). The mean preoperative 
error was 0-12 D against the rule and the mean final 
postoperative error was 0-17 D against the rule. The 
variability of the preoperative astigmatism, however, 
was slightly greater than the postoperative; the 
standard deviation preoperatively was 1-34 D while 
that postoperatively was 1:05 D. These findings 
demonstrate that the surgical method counteracted 
the preoperative astigmatism. 
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Fig 9 Change in asigmatum with 
tme in cases in which sutures not 
cut 






Weeks Post-Operative 


18 22 28 


The sphencal equivalent changed postoperatively 
in the direction of myopia. This trend was highly 
statistically significant when tested against the null 
hypothesis that there should be no net change in 
spherical equivalent (p«107) This change is 
illustrated in Fig. 11. This finding contrasts with the 
fact that the negative cylindrical error at 180? was 
decreasing. 

There was a weak correlation between the IOP and 
the change in spherical equivalent (correlation 
coefficient 0-243). 

The average case was one having 1:51 D cyl with 
the rule at one week, declining to zero at approx- 
mately 12 weeks, and having a final value of 0-17 D 
cyl against the rule. An eye seen at one week needing 
a +1:75 D cyl at 90° should be regarded as the ideal 
immediate surgical result. 


CASES IN WHICH SUTURES CUT 
Nine cases with significant initial with-the-rule 
astigmatism were included in this group (Fig. 7). 
Individual sutures were cut in line with the plus 
cylinder axis as early as one week and as late as 10 
weeks postoperatively. Suture cutting was repeated 
in two eyes. The results 1n the individual eyes are 
shown in Fig. 7. The effect was most marked when 
performed early. One patient appeared to show an 
enormous change from with-the-rule to against-the- 
rule, which has been exaggerated by the simplifica- 
tion in defining with and against the rule astigmatism. 
This patient's course was: Week 1: —3-50/+5-50 
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Fig.10 Correlation between preoperative astigmatic values 
and final postoperative astigmatic values (all cases). 
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Fig 11 Change in spherical 
equivalent error with time (uncut 
cases). 
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115*. Week 2: —4-00/--4-50 115*; suture cut at 11 
o'clock. Week 4: —2-00/+4-25 140°. Week 6: —2-50/ 
+4.50 145*; suture cut at 10.30 o'clock. Week 10: 
—1-00/+2-25 160°. Week 18: —1-00/+2-25 175°. 


Discussion 


Change in cylindrical correction is usually explained 
as a decrease in curvature of the vertical mendian 
postoperatively. If this were 1n fact the case, the 
spherical equivalent would be changing in the 
direction of hypermetropia. Our data show this not to 
be true, which means that another mechanism 1s 
operative. The most likely explanation is that the 
horizontal meridian is in fact steepening, and that this 
is the predominant effect, resulting in a myopic shift 
in the spherical equivalent. Other possible explana- 
tions include ‘a forward movement of the intraocular 
lens infplant, or an increase in the axial length of the 
eye, both of which seem unlikely. A study involving 
keratometry may shed light on the precise 
mechanism. 

If astigmatism is to be minimised in the cataract 
section, greater effort is required on the part of the 
surgeon both peroperatively and postoperatively. 
Two methods of suturing emerge as superior: con- 
tinuous suturing controlled by peroperative kerato- 
metry" or multiple limbal interrupted nylon sutures 


„as used in the present study and by Bambery.? The 


peroperative keratometry requires extra manoeuvres 
in the operating theatre, including raising the intra- 
ocular pressure to a normal level." The multiple 
interrupted nylon sutures with buried knots are 


Weeks Post- Operative 
14 18 d 28 
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tedious to insert. It is probable that each method adds 
a similar amount of time to the operation. The 
continuous suture with keratometer control can 
correct for the patient’s preoperative astigmatism 
with or against the rule. Interrupted sutures, as used 
1n the present method, can do this too, and they can 
also correct a preoperative oblique astigmatism. 
Interrupted nylon corneal sutures are also an effective 
method of section closure, but produced more, 
surgically induced astigmatism in comparison with 
the same sutures inserted limbally ** 

Postoperatively the surgeon has to be prepared to 
cut sutures. "542? The interrupted suture offers 
the surgeon the best opportunity for astigmatic 
control by suture cutting, since individual sutures can 
be cut in line with the patient's plus cylinder axis, and 
this does not weaken the entire section. Continuous 
sutures may be cut," but if this is done too early the 
wound becomes slack and if it is done too late it is 
ineffective. The continuous suture may also be 
adjusted by easing ıt towards the tight meridian.” 
Our own experience suggests that the best time for 
cutting interrupted sutures 1s between one and six 
weeks, but others have found that later suture cutting 
1s still effective,’ and it is inadvisable to cut con- 
tinuous sutures until seven weeks. The lack of 
correlation between the postoperative IOP and the 
rate of astigmatic decline shows that this study fails 
to demonstrate the relevance of the IOP. However, a 
raised IOP was deliberately guarded against by the 
medical treatment used in this study, and it remains 
possible that an uncontrolled IOP might affect the 


change in astigmatism. 
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Cobalt plaque versus enucleation for uveal melanoma: 
comparison of survival rates 
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From the Departments of Ophthalmology, ‘Manhattan Eye, Ear and Throat Hospital; the ?*New York Hospital- 
Cornell Medical Center, New York, New York, 'St Bartholomew's Hospital, London, England, ‘North Shore 
Hospital, Manhasset, New York; and ‘Harvard Medical School, Boston, Massachusetts, USA 


SUMMARY Two hundred and twenty-three patients treated by cobalt plaque for uveal melanoma 
were compared with 416 patients treated by enucleation for tiveal melanoma in terms of patient 
survival. The median follow-up time for the patients*treated by cobalt plaque was 4-3 years. 
Kaplan-Meier survival curves were calculated up to five years following treatment based on time to 
tumour-related deaths. Cox's proportional hazards multivariate analysis was performed to 
determine which variables were related to melanoma-related deaths while controlling for age, size, 
and location of the tumours. Statistically significant predictive factors were location of tumour and 
largest tumour dimension. There was not a statistically significant difference in survival between 


patients treated by cobalt plaque and those treated by enucleation. 


Many studies have explored prognostic factors and 
survival rates for patients with malignant melanoma 
of the choroid and aliary body treated by enuclea- 
tion. A few studies have investigated similar factors 
with respect to treatment with cobalt-60 plaque 
therapy, but these have involved small numbers of 
patients and short follow-up times.** There has been, 
and continues to be, much discussion concerning the 
pros and cons of various types of treatment for 
malignant melanoma. The most basic issue in these 
debates would appear to be patient survival, yet no 
long-term study on a large patient population com- 
paring treatment by enucleation with cobalt plaque, 
in terms of survival, exists. Comparison of prior 
studies is difficult: tumour dimensions have been 
variable, different methods of analysis have been 
used, patient numbers are small, and follow-up time 
short.” This study compares survival in terms of 
melanoma-related deaths between cobalt-60 plaque- 
treated patients (with long-term follow-up from 
multiple institutions in the United States and one in 
England) and patients treated by enucleation from 
the Massachusetts Eye and Ear Infirmary. 
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Material and methods 


Three groups of patients with choroidal and ciliary 
body melanoma were compared for survival. Two 
hundred and sixty-seven patients, with a diagnosis of 
uveal melanoma from 1953 to 1973, treated by 
enucleation were identified from the records of the 
Eye Pathology Laboratory at the Massachusetts Eye 
and Ear Infirmary (MEEI). Thirty-two patients with 
histological extrascleral extension were excluded, 
leaving a total of 235 cases for group I. These subjects 
have been described elsewhere’ and were part of a 
group of 267 cases with known survival status out of a 
total of 431 eligible patients. 

Group H included 161 patients from MEEI with a 
diagnosis of choroidal and ciliary body melanoma 
whose eyes were enucleated from 1975 to 1981. From 
a total of 231 patients treated by enucleation dunng 
this period 20 were excluded because of extrascleral 
extension, and the survival status was unknown for 
another 50 patients. 

Group III consisted of 223 patients with a diagnosis 
of uveal melanoma on the basis of clinical examina- 
tion, indirect ophthalmoscopy, ultrasonography, and 
fluorescein angiography, treated by cobalt-60 plaque 
at several institutions: 142 cases from 1968 to 1984 
identified from the records at the New York Hospital 
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and Manhattan Eye, Ear and Throat Hospital; seven 
cases treated from 1975 to 1977 identified at North 
Shore University Hospital, New York; and 74 
cases treated from 1954 to 1981 identified at St 
Bartholomew’s Hospital, London. No patients had 
known extrascleral extension at the time of cobalt 
plaquing and ail patients were included in the study. 

Survival status, the date and cause of death, and 
metastatic disease status were determined up to 1 
May 1983 in the enucleation groups and up to June 
1984 in the cobalt plaque group by chart review, 
contact with patients, and their families, as well as 
contact with physicians. Survival status was recorded 
as alive without known metastases, alive with meta- 
stases, dead secondary to metastatic uveal 
melanoma, or dead from other causes. Metastases 
were confirmed by liver function abnormalities 
biopsy, or necropsy. i 

Tumour dimensions for the enucleation group 
were obtained from review of histopathological 
studies: the largest tumour diameter in millimetres in 
contact with the sclera, and elevation of the tumour 
in millimetres measured on the largest section avail- 
able. For the cobalt plaque group the tumour dimen- 
sions were determined by visualisation by indirect 
ophthalmoscopy or by ultrasonographic measure- 
ments. The largest tumour dimension for each 
tumour, either diameter or height, was used in the 
analysis. 

The location of the anterior margin of the tumour 
was coded as posterior to the equator or antenor to 
the equator, with or without involvement of the 
ciliary body. 

Survival curves, based on deaths from uveal 
melanoma for the first five years after treatment for 
all three treatment groups, were calculated by the 
Kaplan-Meier technique." Cox’s proportional 
hazards multivariate analysis" was performed to 
determine which variables were independently 
associated with melanoma-related deaths. The four 
variables considered in the Cox model were: (1) 
treatment: cobalt-60 plaque, enucleation 1953—73, 
and enucleation 1975—81; (2) age: less than 40 years, 
40—59 years, 60 years and older; (3) location of 
tumour: posterior to the equator or anterior to the 
equator; (4) largest tumour dimension (either 
diameter or height): small (up to 11 mm), medium 
(11-15 mm), or large (16 mm or greater) 

The statistical analyses were performed through 
the computer facilities of the Department of 
Ophthalmology at the Massachusetts Eye and Ear 
Infirm 


ary. 
Results 


The median age at enucleation of patients with uveal 
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Tablel Characterutics of tumours and patients according 

to treatment group 

Vanable Cobalt plaque — Enucieatron Enucleation 

group I group ll 
(1953-73) (1975-81) 

Age (yr) n * n % n * 

«40 28 12 6 18 77 17 10 6 
40—49 157 49 208 16 99 
50-59 61 274 62 264 34 2I: 
60—69 51 229 69 29 4 49 304 
70+ 20 6 36 15.3 32 199 

Unknown 2 09 1 0-4 13 81 

Location 

Antenor 67 300 78 332 79 491 

Postenor 154 69-1 138 587 80 49-7 

Unknown 2 0-9 19 81 2 12 

Largest dimension (mm) 

«1 68 2 113 481 68 à 
11-15 67 30-0 87 310 7 44 | 
16+ 3 13 20 85 21 130 

Unknown 1 04 15 64 1 06 


melanoma in group I (1953-73) was 58-5 years with 
a range of 18 to 95 years; in group II (1975-81), the 
median was 60 years with a range of 10 to 94 years. 
The age at cobalt plaque treatment for choroidal and 
ciliary body melanoma patients in group III ranged 
from 22 years to 84 years, with a median of 57-0 years. 
For two of the 223 cobalt plaque patients age at the 
time of treatment was not available. 

Table 1 shows the distribution of characteristics 
according to treatment group. 

The follow-up time in enucleation group I ranged 
from 100 days to 28 years, with a median of 9-3 years. 
In group H the follow-up time ranged from 90 days to 
8-5 years, with a median of 3-3 years. In group III, the 
cobalt plaque group, the follow-up time ranged from 
30 days to 30 years, with a median of 4-3 years. 

Thirty-six of the 223 patients treated by cobalt 
plaque for uveal melanoma underwent subsequent 
enucleation. Of these 36 patients 4 died of metastatic 
melanoma and one of other causes Among the 188 
patients treated only by cobalt plaque there were 18 
deaths from metastatic disease and 11 from other 
causes. The analyses of patient survival comparing 
cobalt plaque treatment with enucleation were per- 
formed for all 223 cobalt plaque patients, including 
those 36 who underwent eventual enucleation. A 
further analysis was also made comparing the two 
enucleation groups, I and II, with the cobalt plaque 
group, excluding those with subsequent enucleation 


SURVIVAL CURVES 

Kaplan-Meier survival curves were calculated from 
tumour deaths for the first five years after treatment 
for all three treatment groups (Fig. 1); for only small 
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Fig.3 Tune to tumour death for all patients with anterior 
tumours treated by cobalt plaque and enucleation 


and medium tumours (Fig. 2); and for anteriorly 
located tumours (Fig. 3). Cobalt plaque treated 
patients showed significantly better survival than 
either enucleation group (Fig. 1), and there was a 
statistically significant difference in survival for 
anterior tumours between cobalt treated patients and 
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patients treated by enucleation from 1953 to 1973 
(Fig 3). Other comparisons were not significantly 
different. 


VARIABLES RELATED TO SURVIVAL 

Cox's proportional hazards multivariate analysis, 
including the variables previously mentioned (treat- 
ment, age, location of tumour, largest tumour 
dimension), showed that antenor location and 
largest tumour dimensions (11-15 mm and 16 mm 
and greater) were significant prognostic factors for 
melanoma related deaths (Table 2). Patients with 
anterior tumours were twice as likely to die from 
melanoma in the first five years of follow-up as were 
patients with posterior tumours. In addition patients 
with tumours with 11-15 mm as the largest tumour 
dimension were 1-86 times as likely to die of tumour 
as patients with tumours 1-10 mm, and patients with 
tumburs 16 mm or greater had a rate of melanoma 
death 3-3 times that of patients with a tumour 1-10 
mm. When these and other factors previously men- 
tioned were controlled, there was no significant 
difference 1n survival between the cobalt plaque 
treated patients and enucleation. Thirty-six of the 
223 cobalt plaque treated patients eventually under- 
went enucleation. When these patients were 
excluded from the analyses, Kaplan-Meier curves 
showed no difference in survival between cobalt 
plaque patients and either enucleation group. This 
group was also analysed by means of the Cox model, 


"which showed results similar to the analysis pre- 


sented above, including all cobalt plaque patients. 
Discussion 

Previous studies of patient survival in choroidal and 
ciliary body melanoma have largely been directed 


Table2 Results of Cox model analysis for deaths related to 
uveal melanoma 


Varmbie Comparison Estimated 95% 
rate ratto* Confidence 
interval 
Treatment Enucteation group I vs 107 0 59-1-95 
cobalt 
Enuceatongroup2vas — 0-77 0-39-1-51 
cobelt 
Age 40—59 vs <40 0-84 0 34-2-05 
60+ vs <40 1-64 0-70-3-87 
Locahon © Anterior v postenor 2-07 1 27-3-37 
Largest tumour 
dimengon — li-15vr«11 1:80 1-06-3-04 
16+ va «11 331 167-6 55 





"Estimated by the antiloganthm of the regression coefficients from 
proportional hazards model, with adjustment for all other variables 
presented 
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toward one type of treatment. In terms of enuclea- 
tion Flocks et al.' in 1955 had 73 out of 210 melanoma 
related deaths, McLean et al ? in 1977 had 76 out of 
217, Shammas and Blodr in 1977 had 87 out of 293, 
and Seddon and Albert' in 1983 had 110 out of 274, 
with an average overall mortality of 3496 

Studies of patient survival with cobalt plaque 
treatment include those of Stallard‘ in 1966 with six 
melanoma related deaths out of 100, MacFaul*in 1977 
with 12 out of 107, Ellsworth’ in 1978 with five out of 
47, Migdal" in 1983 with five out of 90, and Brady and 
Shields’ in 1984 with three out of 100, with an average 
overall mortality of 7%. Variable follow-up time 
makes meaningful comparison of these studies 
difficult. 

A prior study comparing mortality data on a group 
of 100 patients treated by cobalt plaque with 100 
patients treated by enucleation matched for age, sex, 
size of tumour, and follow-up from the Hahnenfann- 
Wills Eye Hospital Group indicated for the cobalt 
plaque group a death rate of 0% for small, 2-496 for 
medium-sized, and 3-896 for large-sized melanomas. 
For their enucleation group death rates of 8:396, 
4:5% , and 22% respectively were found ' 

In contrast Gass” found a 50% probability of 
melanoma related death within five years after cobalt 
plaque in 21 patients, compared with 16% after 
enucleation in 27 patients. 

Our study compares patient survival for cobalt 
plaque versus enucleation :n a larger group of 
patients for a longer follow-up time for equally sized, 
aged, and located tumours by the same methods of 
analysis as have previously been described. Ocular 
survival, visual acuity, and radiation complications 
from cobalt plaquing, all important considerations in 
terms of type of treatment, were not included in this 
study but will be examined at a later date. 

In conclusion, as in prior studies, overall patient 
survival for cobalt plaque is better than enucleation. 
As in prior studies of enucleation, survival for cobalt 
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plaque ıs poorest with anterior tumours and is best 
with smallest tumours. 

For equal sized tumours, at the same location with 
equal follow-up, survival with cobalt plaque is at least 
equal to survival with enucleation. Therefore, if 
enucleation for a uveal melanoma is planned, cobalt 
plaque should be considered the cure rate is the 
same, and obviously ocular survival, vision, and 
cosmesis are better. 
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Intravitreal injection of fibroblasts: the pathological 
effects on the ocular tissues of the rabbit following an 
intravitreal injection of autologous skin fibroblasts 


CATHRYN A HITCHINS AND IAN GRIERSON 
From the Pathology Department, Institute of Ophthalmology, London 


SUMMARY The intravitreal injection of autologous cultured fibroblasts has been used by many 
groups to study proliferative vitreoretinopathy. Ninety-five New Zealand white rabbits were used to 
study the pathological effects on the ocular tissues following such an injection over various time 
periods up to six months. The ocular tissues were studied by light microscopy, electron microscopy, 
immunohistochemistry, and autoradiography. The cells which contributed to the inflammatory 
response (initially neutrophils, then later macrophages and lymphocytes) were found to gain entry 
into the vitreous via the pars plana, pars plicata, and the vessels associated with the optic nerve 
head. In the experimental eyes the detached retinae had a reduced ability to incorporate ?H 
proline. Both epiretinal and subretinal membranes were found on the retinal surfaces. The 
majority of the glial cells within the membranes were identified as Müller cells. The retinal pigment 
epithelium beneath the detached retinae incorporated *H thymidine and detached into the 
subretinal space. Clear evidence was obtained of both epithelial cell migration through the retina 


fy 


and involvement within epiretinal membranes. 


The intravitreal injection of tissue cultured 
autologous skin fibroblasts produces fibrous vitreal 
membranes which exert tractional forces leading to 
retinal detachment."" The fibroblast injection pro- 
cedure has been used by several groups to study the 
antiproliferative activity of drugs which may have 
value in the treatment of proliferative vitreoretino- 
pathy.*" So far most of the morphological studies 
have centred on the organisation of the vitreal 
membranes,“ which are principally the product of 
the injected cells. Considerably less emphasis has 
been placed on the response of the retina, uvea, and 
other ocular tissues to the injection of cultured 
autologous fibroblasts 1nto the vitreous 

Sugita et al? were aware that the injection of 
autologous fibroblasts was associated with uveal 
inflammation. Although homologous fibroblast 
injection produces a biphasic response with plasma 
cells present in the second phase, autologous fibro- 
blasts produce a non-immune reaction? Tano et 
al."" descnbed retinal neovascularisation and we 
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observed retinal gliosis’ in the autologous model. The 
autologous cultured fibroblast injection model is 
worthwhile only if the proliferative and reactive 
processes within the rabbit eye can be related to the 
human situation In the present study of autologous 
fibroblast injection into the rabbit vitreous the patho- 
logical changes within the retina and vitreous were 
examined by lhght microscopy, immunohisto- 
chemistry, autoradiography, and transmission and 
scanning electron microscopy. The principal aims of 
this investigation were to study in some detail the 
reactive changes in the retina with particular refer- 
ence to the response of glia and retinal pigment 
epithelium. In addition an attempt was made to 
identify the main sites of entry of inflammatory cells 
into the vitreous. 


Matertals and methods 


FIBROBLAST CULTURE AND INJECTION 

Fibroblasts were cultured from skin biopsies which 
were aseptically removed from the ramps of New 
Zealand white rabbits. After 23 weeks in culture the 
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cells were removed by trypsinisation, centrifuged, 
and resuspended m phosphate-buffered saline (PBS) 
as previously described.* Cell viability within the 
suspension of fibroblasts was approximately 98% as 
estimated by the trypan blue exclusion method. 
Approximately 400 000 autologous fibroblasts in 0-2 
ml sterile PBS were injected into the experimental 
(right) eye of each rabbit via the pars plana. Prior to 
the injection each experimental eye was softened by a 
paracentesis of the anterior chamber. 


MORPHOLOGY (60 RABBITS) 

The animals were killed at various times after the 
injection of fibroblasts, ranging from immediate to 
six months, by an overdose of sodium pentobarbi- 
tone. The eyes were enucleated and fixed by 
immersion into a cold 396 glutaraldehyde,solution in 
cacodylate buffer. Prior to fixation a slit was made at 
the equator of the eye to enhance penetration of the 
fixative. After 24 hours the eyes were dissected, and 
the vitreal membranes were removed (these were 
used in other studies). Pieces of limbal tissue, iris, 
ciliary body up to the ora serrata, optic nerve head, 
and retina were then postfixed in a 1% osmium 
tetroxide solution and dehydrated through a graded 
series of alcohols. The injection site was not identi- 
fied in any of our specimens. Tissue for transmission 
electron microscopy was embedded in either 
Araldite or Epon (see autoradiography section). 
Propylene oxide was used as the intermediate fluid. 
Semithin sections (approximately 1 um) were cut on 
an ultramicrotome (Huxley) and stained with a 196 
aqueous solution of toluidine blue. Ultrathin sections 
(70 nm) were cut on an automatic ultramicrotome 
(Ultracut E, Reichert-Jung) and stained with lead 
citrate and uranyl acetate. The tissues were viewed 
and photographed in a JEOL 100C transmission 
electron microscope. Specimens for scanning 
electron microscopy, after alcohol dehydration, were 
dried further in a critical point drier (Polaron), and 
then the specimens were sputter coated with gold 
(Polaron). The tissues were examined and photo- 
graphed in a Hitachi S 520 scanning electron micro- 
scope. Any remaining tissue from the eyes was 
processed for routine paraffin wax histology. The 
wax sections were stained with haematoxylin and 
eosin. 


IMMUNOHISTOCHEMISTRY (33 RABBITS) 
After the rabbits were killed the eyes were 
enucleated, fixed in 10% formal saline, and pro- 
cessed for paraffin wax embedding. Sections (5-8 
um) were cut and mounted on glass microscope 
slides precoated with a solution of 0-1% poly L- 
lysine. 

Three of the rabbits had not been injected with 
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fibroblasts and were used as controls for the staining 
of normal tissues for the presence of actin and 
prekeratin. 


Actin (13 rabbuts) 

The tissues were pretreated with hydrogen peroxide 
to remove any endogenous peroxidase and normal 
swine serum to prevent non-specific staining from the 
link immunoglobulin. Serum containing antiactin 
antibodies was raised in our laboratory. The 
primary antibody was diluted 1:40 with trometamol 
(Tris) buffered saline (TBS). The pig antirabbit 
mmunoglobulin link and the rabbit peroxidase- 
antiperoxidase complex were diluted 1:50 with 
TBS. The substrate for the peroxidase reaction was a 
0-05% solution of 3-3-diamino benzidine tetrahydro- 
chloride (DAB) plus 196 hydrogen peroxide in 0-2 M 
trometamol solution Appropriate controls were 
conducted which have been described previously.’ 


Prekeratin (23 rabbits) 
A standard immunoperoxidase technique was used 
to stain the wax sections for the presence of prekera- 
tin. The primary antibody was guinea-pig ant- 
prekeratin to bovine hoof (Miles Scientific, Slough) 
and was diluted 1:30 with TBS. The peroxidase- 
labelled antiguinea-pig immunoglobulin was diluted 
1:30 with TBS. The substrate for the peroxidase 
reaction was DAB. 

The positive staining of cultured corneal epithe- 
lium was used as a control for the presence of 
prekeratin.? 


AUTORADIOGRAPHY (23 RABBITS) 


Thymidine 

Twelve rabbits having received an intravitreal injec- 
tion of fibroblasts for various time periods (2 days—10 
weeks) were given a further ipsilateral intravitreal 
injection of 30 pCi (30 wl) of [methyl —H] thym- 
dine (Amersham International PLC, Amersham) 24 
hours prior to death. One rabbit received radiolabel 
only and served as a control. 


Proline 

Nine rabbits which had been injected with fibroblasts 
for various time periods (1-10 weeks) were given an 
injecton of 30 pCi (30 wl) of L-[5. —H] proline 
(Amersham International PLC, Amersham), 24 
hours prior to death. One rabbit which had the 
injection of proline without the earlier intravitreal 
fibroblast injection served as a control. 


Tissue processing 
Following death and enucleation the ocular tissues 
were processed and embedded in Epon as described 
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A transmission electron micrograph of a partially 
oblique section of epithelium from the posterior portion of 
the ciliary processes. Six days after the injection of fibroblasts 
a macrophage (M) is evident within the distended 
extracellular spaces of the epithelium. *3825, 


Fig. la 


earlier. Semithin sections were processed for auto- 
radiography as described by Hitchins and Grierson." 
The autoradiographs were left in the dark at 4°C for 
an exposure time of six weeks for 'H thymidine and 
11-12 weeks for 'H proline. The autoradiographs 
were then developed and stained with a 1% alcoholic 
solution of toluidine blue at room temperature. The 
sections were examined under a light microscope. 


Results 


INFLAMMATION 

Inflammatory cells invaded the vitreal cavity during 
the first few days following the intravitreal injection 
of autologous fibroblasts and were associated with 
the vitreal proliferations which developed. The 
inflammatory cells gained entry to the vitreous by two 
key areas, via the epithelium of the pars plana and 
pars plicata (Fig. la) and the vascular complex 
associated with the medullary rays of the optic nerve 
head (Fig. 1b). During the acute stage of inflamma- 
tion polymorphonuclear leucocytes were prominent 
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A scanning electron micrograph showing 
aggregates of inflammatory cells in close association with the 
vascular complex on the medullary rays three days after the 
intravitreal injection of fibroblasts. * 407. 


throughout the uvea and vitreous. After one week 
the infiltrate consisted mainly of lymphocytes and 
macrophages. The mononuclear cells were present 
until the fourth week, after which they were seen 
infrequently. The meshwork of the anterior chamber 
appeared to remain free of inflammatory cells. 


VASCULATURE ASSOCIATED WITH THE 
MEDULLARY RAYS 

The incorporation of ‘H proline was more pro- 
nounced in the perivascular cells of the control tissue 
than at any stage following fibroblast injection (Fig. 
2). Fibroblast injection resulted in the vessel base- 
ment membranes becoming multilayered, and 
swollen mitochondria in the endothelium were 
commonly seen. 


INNER RETINAL SURFACE AND EPIRETINAI 
MEMBRANE FORMATION 

Areas of retinal surface were noted by SEM to be 
denuded of cortical vitreal collagen one week after 
the fibroblast injection. After three weeks small 
bulges were seen protruding through the inner limit- 
ing lamina (ILL) into the vitreal cavity (Fig. 3a). 
Occasionally evidence of cell processes extending 
through the ILL on to the vitreal surface of the retina 
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Fig.2 Autoradtograph showing 
the incorporation of ‘H proline 
within the control rabbit's optic 
nerve head, Label was seen 
particularly in the glia 
(arrowheads) and the perivascular 
cells (arrows). X175. Insert 
Autoradiograph four weeks after an 
intravitreal injection of fibroblasts 
the incorporation of `H proline had 
decreased substantially. x 175 





Fig.3 a: SEM showing bulges 

on the inner retinal surface three 
weeks after a fibroblast injection 

x 700. b: SEM demonstrating a cell 
extending its processes through the 
inner limiting lamina only three 
days after the injection. X 2300. 

c: SEM of plate-like glia which had 
formed an epiretinal membrane 10 
weeks after the injection of 
fibroblasts. x 460. Bar markers are 
(a) 20 um, (b) /0 wn, and 

(c) 50 um. 
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Fig.da  Autoradiograph showing 
the incorporation of 'H thymidine 
within the rabbit's retina one week 
after a fibroblast injection. Clusters 
of grains (arrowheads) were seen 
within the nuclei of the cells of the 
epiretinal membrane (E), nerve 
fibre. ganglion cell, and inner 
nuclear layers, * 336. Insert: High 
power of grain cluster within the 
nucleus of a cell from the inner 
nuclear layer. x 480 


was found as early as three day after the injection 
(Fig. 3b). At the 10-week stage cells were clearly 
visible on the retinal surface, and often these cells 
contributed to foci of monlayers or even multilavers 
of plate-like glial cells (Fig. 3c). 

Incorporation of "H thymidine, as indicated by 
large clusters of silver grains, was not found within 


Fig. db.  Autoradiograph showing 
the diffuse pattern and low level of 

H proline incorporation within the 
degenerating retina ( R) and. 
overlying epiretinal membrane (E) 
two weeks after a fibroblast 
injection. Note two cells of the 
epiretinal membrane with high 
levels of incorporation (arrow) 

x 768. 
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the nuclei of the retinal cells in the control tissue. 
However, one week after the injection of fibroblasts 
sporadic nuclear incorporation of 'H thymidine was 
evident within the retina, particularly in the inner 
nuclear layer (Fig. 4a). Also at one week labelled 
nuclei were a feature of the newly developing 
epiretinal membranes (Fig. 4a). Labelled nuclei were 
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evident in the retina and epiretinal membranes up to 
six weeks, but by 10 weeks 'H thymidine incorpora- 
tion into nuclei was not«common. Over the period 
from one to 10 weeks labelling in the majority of the 
cells of the epiretinal membranes was low and 
diffuse, but occasional cells did show high incorpora- 
tion levels (Fig. 4b). The epiretinal membranes 
consisted mainly of glial cells, while fibroblasts and 
associated collagen were also noted. The glial cells 
were identified on the basis of their abundant cyto- 
plasmic intermediate filaments, apical surface micro- 
villi, and basement material (Figs. 5a. b). Adhering 
junctions were seen frequently joining adjacent glial 
cells (Fig. 5b). 


RETINA 
Immunohistochemical staining for actin in the retina 





Fig.5a TEMsofepiretinal 
membranes six weeks after an. ` 
injection of fibroblasts. a: Glial-like 
tissue (G) with surface microvilli, 
which had protruded through a 
break in the inner limiting lamina 
(arrowheads). x 2480. 


gave a similar result to that found in the normal 
tissue. The inner and outer plexiform layers, the 
inner segments of the photoreceptor cells, and some 
cells in the nerve fibre layer showed a moderate 
positive reaction to the antiactin antibodies. 

In the control retina the incorporation of 'H 
proline was pronounced, particularly in the central 
retina. Uptake of label was prominent within the 
vasoglial connections, many cells of the inner nuclear 
layer and the ganglion cells (Fig. 6a). But in the 
experimental tissue one week after the fibroblast 
injection the level of proline incorporation was much 
lower, though some preferential incorporation was 
still evident. In the detached retina the label was at a 
very low level and was scattered diffusely throughout 
the various layers (Figs. 4b, 6b, c). 

Three weeks after the injection of fibroblasts most 


Fig.5b  Arfugher power one of 
the cells demonstrated intermediate 
filaments (F), basement material 
(B). adhering junctions 
(arrowheads) as well as surface 
microvilli (M). x 16550. Bar 
markers are (a) 10 um and (b) 

1 yum. 
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Fig.6a Autoradiograph of the 
control rabbit's retina showing the 
incorporation of H proline. 
Preferential uptake was visible in 
the inner nuclear (arrowheads), 
ganglion, and nerve fibre (arrows) 
lavers. X355. 


Fig. ób Two weeks aftera 
fibroblast injection the outer 
segments could not be seen, with 
only remnants of the inner segments 
remaining (arrowheads). There 
were oedematous areas in the 
ganglion cell layer (arrows). x 355. 
Insert: High power showing 
evidence of proline incorporation 
which was of a low level. X515. 


Fig.6c Four weeks after a 
fibroblast injection subretinal 
macrophages (the smaller 
migratory cells) were observed at 
the outer surface (arrowheads) and 
swelling was seen throughout the 
retina. Glial tissue (G) appeared to 
have proliferated on to the outer 
retinal surface. X 355, 
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of the rabbits had a retinal detachment. By this time 
the most marked structural change was the gradual 
loss of the photoreceptor cells, which began with the 
loss of the outer segments and then the inner 
segments: (Fig. 6b). A rapid decline in retinal 
organisation and increased oedema occurred 
between two and four weeks following the injection 
of fibroblasts (Figs. 6b, c). Oedema progressed 
throughout the retinal layers with the increased 
period of detachment. 


RETINAL PIGMENT EPITHELIUM (RPE) 
Following detachment of the neural retina from the 
pigment epithelium the RPE had lost its hexagonal 
arrangement (Fig. 7a) and had become rounded (Fig. 
7b). The morphological alterations to the RPE 
increased with the duration of the retinal detach- 
ment. The apical processes had become’shorter and 
were found on all free surfaces (Figs. 7a, b). Widen- 
ing and shortening of the basal infoldings were seen, 
and the mitochondria were swollen (Fig. 7b). Some 
of the cells appeared to be more rounded or 
'scalloped' than the surrounding cells. These cells 
gradually became detached from the monolayer (Fig. 
7b). Two different sizes of migratory cells were 
evident in the subretinal space, and these could best 
be seen by SEM. The smaller cells had larger surface 
microvilli, which were less frequent than the small, 
abundant surface microvilli seen on the larger cells 
(Fig. 7a). 

Under a detachment the ‘scalloped’ RPE cells and 
some of the larger cells in the subretinal space gave an 
intense positive staining reaction to prekeratin and 





SOS 


actin (Fig. 8a). The reaction to the prekeratin anti- 
bodies was greater than that found in RPE attached 
to the neural retina in the normal tissue. 

Both the large and small cells in the subretinal 
space were found to incorporate `H thymidine in 
their nuclei (Fig. 8b). The incorporation of 'H proline 
in the RPE was lower than that seen in the control 
tissue. 


SUBRETINAL MEMBRANE FORMATION 

Subretinal membranes both on the exposed outer 
retinal surface (Fig. 8c) and on Bruch’s membrane 
were found beneath a detached retina at various 
times after an injection of fibroblasts. The cells on the 
outer retinal surface appeared to be glia which had 
migrated from the retina (Fig. 8c), while the RPE 
cells had become elongated and several layers deep. 
Both the disorganised retina and the subretinal 
membranes showed low and diffuse levels of 'H 
proline incorporation (Fig. 8c). 

The proliferations associated with both of the 
retinal surfaces were found to contain rounded cells, 
which stained more intensely for actin than the 
surrounding tissue (Fig. 9a). In addition some cells 
within the epiretinal and subretinal membranes 
stained positively for prekeratin (Figs. 9b, c). 


Discussion 


The inflammatory response evoked in both the 
anterior and posterior chambers following an intra- 
vitreal injection of autologous fibroblasts has been 
described previously.*^ In the present investigation 


Fig.7a SEM of the RPE undera 
detached retina four weeks after a 
fibroblast injection. The apical 
surfaces of the cells had become 
‘scalloped’. Some of the larger cells 

( R) seemed to be detaching from the 
monolayer and were presumed to 
be RPE. Smaller migratory cells 
(M) with large microvilli were also 
seen. X 1855. 


Fig.7b TEM ofascalloped RPE 
layer beneath a detached retina six 
weeks after an injection of 
fibroblasts. The cells had abundant 
and disorganised apical processes 
(A), while the basal portion (B) had 
widened and shortened infoldings. 
x 1630. Bar markers are (a) 10 um 
and (b) 10 wm. 
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Fig. 8a The RPE (arrowheads) 
under a detached retina stained 
positively for prekeratin when 
stained by an indirect 
immunoperoxidase technique. 

x 355. 
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Fig.8b Autoradiograph of ^H de»; ee em 
thymidine within the nuclei of both t r 3.84 ` 
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(arrowheads) subretinal, migratory ? , *. e 


cells. x395. 


Fig.8c Autoradiograph showing 
a diffuse pattern and low level of H 
proline incorporation within a 
subretinal membrane (S), four 
weeks after a fibroblast injection. 
x475. Insert: High power showing 
silver grains of proline 
incorporation. x 595. 
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the inflammatory cell infiltrate was found to gain 
entry into the vitreous via the pars plana and 
the vascular complex associated with the optic 
nerve head. Inflammatory cells were found also 
within the choroid and beneath the detached 
retina. 

The formation of new vessels within the vitreal 
proliferations’ and in the optic disc region" " was 
most likely to have been promoted by the release of 
‘angiogenic’ or 'vasoproliferative' factors arising 
from retinal ischaemia, ^" though other factors may 
have been involved. 

The structural changes within the vessels and the 
perivascular cells were characteristic effects of 
ischaemia.” The accumulation of basement material 
around the vessels implied endothelial cell degenera- 
tion and regeneration. with secondary pericyte 
degeneration.’ The low levels of 'H ‘pyoline 
incorporation in perivascular cells is difficult to 
interpret. These were not ‘pulse chase’ experiments, 
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so that we do not know whether the low levels 
represented a rapid turnover of radiolabelled proline 
or a poor uptake. However, there is undoubtedly a 
change in metabolic activity in comparison with the 
perivascular cells in the control tissue. 

The development of both epiretinal and subretinal 
membranes was observed after an intravitreal 
injection of fibroblasts; these proliferations were 
associated with a tractional retinal. detachment. 
Fibroblast-like cells, glial-like cells, epithelium-like 
cells, and collagen were identified within the 
epiretinal membranes. Indeed low levels of 'H 
proline were seen within all the cell types associated 
with the epiretinal membranes. However, the level of 
incorporation was low, though new collagen was seen 
in many of the epiretinal membranes examined. This 
unexpected result could be explained by the time of 
proline administration being too late, that is, beyond 
the time when collagen precursors were being 
synthesised. 


yos Ye 4A 
PE 





Fig.9 a: Some large migratory 
cells (circled) within an epiretinal 
membrane were found to stain 
strongly for actin (counterstained 
with haematoxylin). X510. b and c: 
Some of the migratory cells (circled 
or arrowheads) within epiretinal 
membranes were found to stain 
positively for prekeratin (no 
counterstain). 
Immunohistochemical staining by 
the peroxidase-antiperoxidase 
technique. X 510. 
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The glial cells which had migrated on to the retinal 
surfaces had abundant cytoplasmic filaments similar 
to fibrous astrocytes, but the cells tended to be plate- 
like or spindle-shaped. Green? described glial cell 
proliferation as a ‘reparative and degenerative 
process’ In the present study glial cells were seen on 
the exposed outer retinal surface. It seemed likely 
that Muller cells formed these subretinal prolifera- 
tions, as they were plate-like cells similar to those 
described by Burke and Foster when cells from the 
retina were grown in culture.” The migration of 
accessory glia through the retina to the subretinal 
space seemed an unlikely event. 

The protrusion of retinal cells on the inner retinal 
surface has also been suggested to be a reparative 
response to breaks in the ILL, caused by substances 
‘foreign’ to the vitreous.” Grierson and Forrester! 
proposed that the release of lytic enzymes, from 
intravitreally injected fibroblasts which had died, 
caused the rupture of the vitreous face, resulting in 
posterior vitreous detachment, thus ensuring the 
availability of the retinal surface as a scaffold for cell 
migration and proliferation. Nevertheless we found 
that, although the injection of fibroblasts caused 
posterior detachment and liquefaction of the vitreal 
gel, damage to the ILL on the vitreal surface was not 
seen. In contrast the bulges seen on the retinal 
surface appeared to originate from beneath the ILL, 
which indicated that the retinal cells were pushing 
their way through. Eventually cells were observed to 
come through the subsequent deficits in the ILL and 
then were able to migrate and proliferate on the inner 
retinal surface to form epiretinal membranes. When 
the retinal cells initially began to protrude through 
the ILL, they had many cytoplasmic processes and 
intermediate filaments and hence were similar to 
fibrous astrocytes. As the membranes developed, the 
glial cells had become plate-like or spindle-shaped 
but still retained a cytoplasmic content analogous to 
fibrous astrocytes, that is, abundant cytoplasmic 
filaments with few organelles.”* Once the epiretinal 
and subretinal membranes had developed, the retinal 
glia within these proliferations had altered in shape 
from astrocytic to plate-like or spindle-shaped cells. 
A similar change in shape was shown by Duffy et al.” 
to occur in tissue cultured astrocytoma cells. Hence 
the movement of the glial cells from the neural layers 
of the retina may have caused their structural 
alteration. 

Unfortunately, morphology alone was not suf- 
ficient to reveal the definitive type of glial cell within 
the membranes. Even though it is difficult to imagine 
how Müller cells can migrate out of the retina, we 
consider that this study has provided further evidence 
to indicate that such is the case in the epiretinal 
membranes found in the peripheral retina. Firstly, 
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the protrusions on the mner retinal surface which 
were seen in the initial stages of epiretinal membrane 
formation were far too numerous for them to be 
astrocytic glia. Indeed it was shown previously that 
only the medullary ray areas of the rabbit retina 
contained astroglia, whereas Muller cells were 
identified throughout the retina.* Secondly, the 
majonty of ?H thymidine incorporation within the 
retina was located in the inner nuclear layer, implying 
DNA synthesis within the Müller cell nuclei which 
are situated there. On the other hand the possibility 
of astrocytic glia being involved in epiretinal mem- 
branes in the medullary ray areas could not be 
dismissed. 

Sternberg and Machemer” suggested that human 

subretinal membranes were composed mainly of 
pigment epithelial cells, whereas glial cells were 
prominent in subretinal membranes produced in 
experimental animals models. In the present study 
glial cells were identified histologically within the 
subretinal membranes which developed after an 
intravitreal injection of autologous fibroblasts. In 
addition the membranes were shown definitively to 
contain cells which stained for the presence of 
prekeratin. Runnger-Brándle and Gabbiani* des- 
cribed prekeratin as a cytoskeletal protein found in 
cells of an epithelial origin, and thus the positively 
stained cells were identified as epithelial cells. 

Both the incorporation of ?H thymidine and the 
observation of cells detaching from the RPE mono- 
layer gave further evidence of the involvement of the 
RPE celis in the subretinal proliferation. 

Many non-muscle cell types have been shown to 
contain actin, and its presence has been linked with 
such roles as cell division and locomotion.? In the 
retina of the experimental tissue some staining for 
actin was seen, but the most intense reactions were 
seen in the free and migratory subretinal cells and 
some cells within the epiretinal and subretinal pro- 
liferation. The cells within the proliferative tissues 
which stained more intensely for actin than the 
surrounding elongated glial cells resembled the 
migratory cells seen in the subretinal space. 

The source of the migratory cells could not be 
identified with certainty from the histological 
observations, that is, whether the cells were macro- 
phages from the choroid or detached RPE cells. 
Previous experimental models have described histo- 
logically the presence of pigment epithelial cells, 
fibroblast-ike cells with additional epithelial 
characteristics, and pigment epithelial macrophages 
within intraocular proliferations associated with a 
rhegmatogenous retinal detachment.” The process 
by which a ‘normal’ retinal pigment epithelial cell 
alters to become a fibroblast or macrophage-like cell 
has been described as ‘metaplasia’ or ‘transforma- 
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tion’ by others"? On the other hand cells of 
haematogenous origin have been seen to migrate 
from the choroid to the vitreous following injury to 
the vitreous” and retina.” However, we have shown 
immunohistochemically the presence of large, 
rounded cells which stained positively for the 
presence of prekeratin and therefore were identified 
as epithelial cells. Hence a proportion of the rounded 
migratory cells within the retinal proliferations was 
apparently of an epithelial origin. Therefore some of 
the largest migratory cells, which have been seen in 
the past within the retina,*™ and within perretinal 
proliferations in the present study, were identified by 
mmunohistochemistry as cells of an epithelial origin. 
However, other cells both within the retinal pro- 
liferation and the subretinal space were identified as 
‘true’ macrophages (of reticuloendothelial ongin) on 
the basis of their smaller size and their surface 
microvilli, which differed from those of the RPE. A 
proportion of both the larger rounded RPE cells and 
the inflammatory cells stained for actin and incorpor- 
ated ?H thymidine. The detached retinae which 
occurred in all the rabbits' eyes following an intra- 
vitreal injection of fibroblasts showed pathological 
changes associated with ischaemia which were similar 
to those described by Johnson” and Johnson and 
Foulds.” 

The overall deterioration of the detached retina 
was mirrored by the very low and diffuse levels of 7H 
proline incorporation which were seen in comparison 
with the normal tissue. Depression of proline 
incorporation within the Muller cells 1s consistent 
with their loss of function during prolonged periods 
of retinal detachment. The results compared favour- 
ably with those of Machemer and Buettner* when 
the differences ın technique, dosage, and isotope are 
taken into account. 

The morphological changes seen within the RPE 
following retinal detachment induced by the injec- 
tion of fibroblasts were similar to the changes found 
after high pressure induced ischaemia” and expert- 
mental retnal detachment* in the rabbit The 
nuclear incorporation of ?H thymidine within the 
attached and detached RPE cells provided evidence 
of DNA synthesis DNA synthesis has also been 
demonstrated in the RPE of the owl monkey? and 
cat” following retinal detachment. Anderson et al.” 
believed that the loss of metabolic exchange between 
the separated neural retina and RPE brought about 
the ‘dedifferentiation’ and proliferation of the RPE 
cells. 
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Perforating eye injuries caused by darts 


M D COLE AND D SMERDON 
From the Birmingham and Midland Eye Hospital 


SUMMARY We have reviewed 19 patients with dart-induced perforating eye injuries. Fourteen of 
the injuries were in childhood. A poor visual outcome was common, not only from the injury 
directly but also from irreversible amblyopia or endophthalmitis. Preventive measures are 


considered. 


Darts are responsible for the largest single group of 
childhood perforating eye injuries.' To find ways in 
which this type of injury can be prevented, we have 
analysed a group of patients who have sustained dart- 
induced perforating eye injuries. Our aims were to 
determine the incidence, mode, and type of injury 
“and the eventual visual outcome. 


Materials and methods 


Theatre registers froni the Birmingham and Midland 
Eye Hospital were used to identify all cases of 
perforating eye injuries between 1 September 1977 
and 30 June 1985. The corresponding medical 
records were examined. 

All patients with dart injury were recalled for 
examination so that the histories could be verified, 
and the final visual outcome determined. This gave a 
minimum of 12 months' follow-up for the 15 who 
attended 

The following details were recorded: Age and sex, 
place injury occurred, time taken to reach the 
casualty department, mode of injury, part of dart 
involved, pattern of injury, and outcome. 


Results 


The records of 436 patients were reviewed. They 
represented a 97% retrieval. Of these patients 375 
patients sustained perforating eye injuries, 19 of 
which were caused by darts (5%). Of these, 15 
attended for reappraisal (80%). ‘ 


Correspondence to M D Cole, FRCS, Birmingham and Midland 
Eye Hospital, Church Street, Bromngham B3 2NS. 
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The results are summarised in Tables 1 and 2 and 
analysed below. 

There were 78 (20-896) childhood injuries (defined 
as those injuries occurring under the age of 14 years), 
14 of which (1896) were caused by darts. 

The male to female ratio for dart injunes was 2:8:1 
(14:5). 

Of the 19 injuries, 18 occurred in the patient's ora 
friend's home. One injury occurred in a boys’ club. 

We looked specifically at the delay between injury 
and hospital attendance and found that five patients 
took longer than 12 hours to attend. All of these 


Table1 Case history 





Panentno Age Sex Eye Dartend Cause Delay* 

1 7 M R Pont Playing = 

2 3 M R Point Playing  ? 

3 4 M R Stem Pullout — 

4 4 F R Point Throw 48h 

5 15 M R Flight Pullout 18h 

6 4 F R Pomt Threw ? 

pj 17 M R Port Threw — 

8 10 M L ? Pullout  ? 

9 3 F R Point Threw — 
10 7 M L Point Threw 12h 

11 18 F R Point Pullout 12h 

2 6 M L Poit Playing  ? 
13 9 M R Flight Amung 7 
14 24 M R Fught Pullout 24h 
15 11 M R Flight Pullout — 
16 10 M R ? 16h 
17 2 M L Flight Pullout ? 
18 3 F L ? Play — 
19 12 M R Flight Pulout — 
*Delay quoted if #12 hr 

ger, 
Lt A diy 
Fd D * w^ Ut » 
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Table2 Injury and outcome 





Patient Follow- Lid Wound Complicatrons VA 

no up, yr — imjury mte 

1 033 Upper Scera — Cborroretinal scar 612 
2 0 66 Nil Limbus ? ? 

3 8 Ni Comea Esotropia/amblyopta HM 
4 8 Ni Limbus Chonoretnal scar 66 

5 7 Ni Comes — 66 

6 7 NH Cornea Esotropua/amblyopis CF 

7 7 Upper Sckrs  — 66 

8 1-33 Nil Comea — 6S 

9 7 Nil Corea Amblyopia HM 
10 7 Upper Cornea Esotropsa/phthiss - NPL 
li 6 Nil Cornea — 6/6 

12 0 06 Upper Comea — 66 

13 5 Nil Comes — 65 

14 4 Nil Corea — G5 

15 4 Nu Limbus — 95 

16 3 Nil Corsa Esotropia G18 
17 3 Ni Cornea Amblyopua 6/60 
18 2 Nu Cornea Exotropi/ambolyopa 69 

19 15 Nil Corea Vitrectomy/macular scar. 6/36 


HM *hand movements NPL no perception of light 


patients felt that at the time the injury was not serious 
and attended only because of symptoms of blurred 
vision, watering, and pain in the eye. 

There were eight self-inflicted injuries, seven 
of which occurred while pulling the dart out of the 
target (five dart boards, one calendar, and one toy 
elephant). This was caused by either pulling the flight 
end into the eye or by dropping the dart. One injury 
was caused by drawing the flight end of the dart into 
the eye while taking aim. 

The dart was thrown by a friend or sibling in seven 
cases. One injury resulted from the dart rebounding 
off the board, and the remaining four resulted in an 
uncertain manner from childhood play. 

There were nme injuries which resulted by the 
pointed end entering the eye and seven by the flight 
end (one with the flights removed). The remaining 
three patients did not know which end was respons- 
ible. 

There were four whose injury was caused by the 
point penetrating the upper lid (two scleral and two 
corneal perforations). 

The injuries were divided into 17 small (4 mm or 
less) and 2 large (74 mm) injuries. All these injuries 
were linear. There was no specific pattern to the 
wounds, except that flight-end injuries tended to 
have larger surface and smaller endothelial wounds. 
The perforations were mainly corneal (14), but three 
were limbal and two were scleral. 

Significant lens injury was found in nine patients 
and insignificant injury in two (localised anterior 
subcapsular lens opacity, which did not progress or 
affect acuity). Of those with significant lens injury 


M D Coleand D Smerdon 


Table3 Results of lensectomy 


Patent End Age Procedure CL Amblyopia VA 

no . 0r) 

3 Flight 3 Secondary +AV CL(Ab) Amb HM 
6 Pont 4 Secondary FAV  CL(Ab) Amb CF 

9 Pont 3 Secondary+PK — Amb HM 
10 Point 7 Secondary +AV — NPL 
11 Poit 24 Pnmaryt+AY — CL(Ab) 6/6 

16 ? 10 Pnmary-AV CL &18 
17 Flight 2 Pnmary CL Amb &60 
18 ? 3 Secondary IOL Amb 69 

19 Fught 12 Pnmary-AV CL 6/36 


AV=antenor vitrectomy CL»contact ens Abeabandoned 
HM hand movements CFecounung fingers NPL=no percepbon 
ofbght 


four had a, primary and five had a secondary lens 
extrac&on, with six requiring an anterior vitrectomy. 

Aphakic correction was by contact lens in six 
patients (three later abandoned them), and one 3- 
year-old child was corrected with an intraocular lens 
inserted after secondary lensectomy. No correction 
was given to two patients, one awaiting penetrating 
keratoplasty and one who developed endophthal- 
mitis with phthisis bulbi (Table 3). Lens damage was 
caused as often by the flight end as the pointed end of 
the dart. 

We looked specifically at strabismus, amblyopia, 
and eventual visual acuity. A secondary horizontal 
squint was found in five patients (four convergent, 
one divergent). Amblyopia developed in five patients 
aged under 5 years after lens extraction which 
required occlusion therapy. Of these patients four 
had contact lens correction but all resulted in a poor 
visual outcome (<6/36). An intraocular lens was used 
for a 3-year-old which gave a visual outcome of 6/9. 
There were peripheral chorioretinal scars in three 
patients. These did not cause secondary retinal 
problems and included both cases with scleral 
wounds. 

Postoperative endophthalmits ensued in two 
patients (10-596). One eye became blind and 
phthisical and the other survived after vitrectomy, 
achieving a visual acuity of 6/36. We were unable to 
establish whether the macular scar found subse- 
quently was due to the onginal injury. 


Table4 Visual outcome 


Vorwal acuity No of patents 

G/5-6/6 8 

659—512 1(Amblyopec) 

618—924 1(?) 

6/36—6/60 2 (1 Macular scar, | amblyopic) 
«6/60-PL 3 (All &nblyopi, one graft failure also) 
NPL 1 (Phthisz from endophthailmitis) 
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The eventual visual acuity of 16 patients with a 
follow-up of greater than 12 months was assessed 
(Table 4). A final acuity of 6/6 or better was seen in 
eight patients. One had no perception of light and 
seven had acuities between these extremes; five had 
amblyopia, one had a macular scar, and in one the 
reason for a poor acuity was not explained satis- 
factorily. 


Discussion 


Various authors"? have included darts as a cause of 
perforating eye injury in children. Roper-Hall* 
stressed that toys had proved to be unexpectedly 
dangerous, and we agree with this. Children are 
notorious for the wide variety of objects which they 
manage to stick in their eyes,' and it 1s difficult to 
pinpoint ways in which these injuries can he pre- 
vented. It is only the latest series of perforating eye 
injuries by Cole et al.' that emphasises that darts are 
the commonest cause in children, as the present study 
confirms. 

The perforations are usually small and the patient 
may not appreciate how serious the injury is, especi- 
ally 1f the pointed end of the dart went through the 
eyelid. This may lead to delay in attending the 
casualty department, which contributes to the risk of 
endophthalmitis. 

Amblyopia is a prominent factor in poor visual 
outcome. In this study 10 patients were aged under 8 
and thus prone to developing amblyopia. All those 
under 8 who required lens surgery (excluding the 
patient who became blind from endophthalmitis) 
became amblyopic. This was reversed in only one 
patient, whose aphakia was corrected with an intra- 
ocular lens. Treatment was particularly unsatis- 
factory in one child who had both failed penetrating 
keratoplasty and failed trabeculectomy. Eagling’ also 
found that the perforating eye injuries in this age 
group requiring lens surgery usually suffered from 
irreversible amblyopia, even with immediate lens 
surgery (with or without an intraocular lens), as 1t 15 
difficult to achieve clear media within two months of 
the injury. , 

Darts are capable of causing an injury with either 
end. Even with the flights removed the shaft can still 
cause injury. It is not generally appreciated how 
dangerous darts can be. This was shown by the two 
17-year-old friends who threw darts directly at each 
other for fun (patient no. 7). However, the problem 
must be considered in perspective. Some five million 
people play darts regularly (Lowy SR, personal 
communication, 1986), and the game when played 
properly is very safe. All but one of the injuries 
occurred in the home, and 14 out of 19 were 
childhood injuries. 


513 


Unicorn double Ordinary 
angle point point 
Fig 1. Dart ends illustranng the safer point. 


Preventive measures can help to reduce the incid- 
ence of injuries The most recent example of this is 
the influence of seat belt legislation on perforating 
eye injuries.** 

We consider that all adults, and especially parents, 
should be encouraged to consider darts an adult 
game. A major manufacturer of darts print in their 
catalogue to retailers (Lowy SR, personal communi- 
cation, 1986). "To our customers. Warning. Darts is 
an adult sport It is dangerous for children to play 
without supervision. We recommend that a dealer 
should exercise discretion where any sale might result 
in children playing without adult supervision.' On 
every set of darts that they sell they print in six 
languages—English, French, German, Spanish, 
Arabic, and Japanese—the following: ‘Darts is an 
adult sport. It 1s dangerous for children to play 
without supervision.’ 

Certain dart manufacturers design their dart points 
in such a way that they will penetrate the dartboard 
without difficulty but are much less likely to pierce 
the skin than a conventionally designed point (Fig. 
1). This may influence the likelihood of perforation 
of the globe. In view of the rather surprising number 
of injuries caused by the flight end, it may be possible 
to design safer darts. Dart flights need to be fairly stiff 
to maintain a consistent trajectory, but they do not 
need to be sharp or pointed. 

The Bnitish Standards Institution has published 
several standards that deal with the safety of toys 
(Hall AJ, personal communication, 1986). The 
following paragraph (3.2.2.10.3) applies to darts for 
children: “The points of darts for children shall not be 
made of metal; points fitted with magnetic discs are 
permitted.’ 

We consider that this clause should include guide- 
lines for the production of flights. As the British 
Standard is being revised, this survey has been 
submitted to the committee responsible for con- 
sideration. 

The consumer unit of the Department of Trade 
and Industry has also studied the results of our survey 
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(Loughlin TRJ, personal communication, 1986) and 
forwarded a copy to the British Sports and Allied 
Industries Federation, who represent dart manu- 
facturers. The consumer unit has recommended that 
*the packaging of adult darts should contain a warn- 
ing against allowing children under 14 years to use 
them unsupervised.' They have also suggested that 
dart manufacturers 'should consider carefully the 
design of flights so that they avoid sharp tails and 
sharp points at the rear of the dart.' 


CONCLUSION 

Adult-type darts must not be considered as toys, and 
the unsupervised use of darts by children must be 
discouraged. Manufacturers must be encouraged to 
consider ocular safety when designing their darts. 

We thank the consultants m the Bummgham and Midland Eye 


Hospital for permrsaon to report their cases; and Miss E M Eaghng 
and MRS J E Cole for their kind help and advice in the preparation 


of this paper 


M D Coleand D Smerdon 
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The one-and-a-half syndrome. Clinical correlation 
with a pontine lesion demonstrated by nuclear 
magnetic resonance imaging in a case of 


multiple sclerosis 


C N MARTYN and D KEAN 


From the University Departments of Medicine and Radiology. Royal Infirmary, Edinburgh 


SUMMARY 


Nuclear magnetic resonance (NMR) imaging has been used to visualise a localised area 


of demyelination in the dorsal pons'of a patient who presented with an unusual disorder of eye 
p 9 . . * 

movements, namely, the one-and-a-half syndrome. Judged clinically the patient made a nearly 

complete recovery, but little change was apparent in the NMR image six months later. 


The unusual and remarkable disorder of eye move- 
ment consisting of a lateral gaze palsy in one direction 
and an internuclear ophthalmoplegia in the other was 
probably first described by Freeman er al.' and later 
dubbed the one-and-a-half syndrome by Fisher.’ In 
the fully developed syndrome one eye ts in the 
midline and completely fails to move horizontally 
while the other can only abduct. Fisher attributed the 
syndrome to a single unilateral lesion affecting the 
centre for conjugate lateral gaze in the paramedian 
pontine reticular formation and the adjacent ipsi- 
lateral medial longitudinal bundle. This anatomical 
localisation has been confirmed at necropsy in several 
cases. Recorded causes of the syndrome include 
tumour, trauma, infarction, haemorrhage, and 
demyelination.'* We report a further case, occurring 
in a patient with multiple sclerosis, in which the lesion 
was successfully visualised during life by magnetic 
resonance imaging. 


Case report 


A 30-year-old woman presented with a two-week 
history of diplopia, unsteadiness of gait. and altered 
taste sensation. She had noticed, too, that her face 
had become asymmetrical. Examination revealed a 
complete horizontal gaze palsy to the left for volun- 
tary and tracking eye movements and also for reflex 


Correspondence to Dr C N Martyn, MRC Environmental 
Epidemiology Unit, University of Southampton, Southampton 
General Hospital, Southampton SO9 4X Y 


eye movements in response to head turning. A 
contralateral internuclear ophthalmoplegia was 
present: the left eye failed to adduct past the midline, 
and horizontal jerking nystagmus was apparent in the 
abducting right eye. Up-gaze was incomplete with 
gaze-evoked upbeat nystagmus, and convergence 
was impaired. Figs. 1—3 illustrate the horizontal gaze 
palsies. There was an incomplete left-sided facial 
palsy of lower motor neurone type, and taste 
sensation was lost on the left side of the tongue. 
Abdominal reflexes were absent, and both plantar 
responses were equivocally extensor. 

Eight years earlier she had been investigated 
extensively but inconclusively for an episode of 
bilateral foot drop associated with paraesthesiae 
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Fig.l Patient is attempting to look straight ahead. No 
abnormality of conjugate gaze is apparent. 
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>= -_ 
Fig.2 Patient attempts to look right. The right eve abducts, 
but the left remains fixed at the midline 


affecting both lower limbs. Myelography had been 
normal and no abnormalities in the cerebrospinal 
fluid (CSF) had been detected. She had recovered 
fully within three months. Four years later she had 
experienced paraesthesiae and weakness affecting 
the whole of her left arm in association with difficulty 
in manipulating small objects with her left hand. No 
investigations had been undertaken, but she again 
made a full recovery within a few months. While this 
report was being prepared she sustained a typical 
attack of left-sided retrobulbar neuritis. 
Investigations during her most recent illness were 
as follows: ervthrocyte sedimentation rate 11 mm/h, 
antinuclear factor test negative, DNA binding —5 
units/ml (normal less than 25 units/ml), Mantoux test 





A sagittal T, weighted image showing high signal 
from the area of pontine demyelination 


Fig.4 
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Fig.3 Patient attempts to look left. There is no movement of 


either eve 


positive at'1:1000, VDRL and TPHA tests for 
syphilis negative on both blood and CSF, serum B; 
and folate normal. CSF protein was 282 mg/l and 
oligoclonal bands were not detected. The CSF cell 
count was I/mm'. The CT brain scan was normal, and 
there were no abnormalities on chest x-ray. Visually 
evoked responses to a reversing checker board 
stimulus demonstrated a delay of the P100 wave in 
the right eye of 18 ms relative to the left 

Nuclear magnetic resonance imaging was per- 
formed on a low field (0-08T) resistive MR system'' 
with a TR (repetition rate) of 1 second and a TI (time 
from inversion) of 200 ms. Lesions such as those 
found in demyelinating conditions produce an eleva- 
tion in magnetic relaxation times and were clearly 
shown by NMR. Figs. 4 and 5 are T, weighted images 
which show a left-sided abnormality in the lower 





Fig. 5 


lesion is confined to the left side of the dorsal pons 


A transverse T, weighted image showing that the 


The one-and-a-half syndrome in a case of multiple sclerosis 


pontine tegmentum. This area of prolonged T| is 
typical of an area of demyelination. 

The patient was treated with. dexamethasone 8 
mg/day for five days. Her facial palsy, loss of taste, 
and internuclear ophthalmoplegia recovered gradu- 
ally over the next month. After six months her only 
remaining abnormality was vertical nystagmus on up- 
gaze. She was re-examined by NMR, which, despite 
the clinical improvement, showed little change. 


Discussion 


This woman has sustained four episodes of neuro- 
logical disturbance in the past nine yeais, recovering 
completely or nearly completely from each. There 
has never been any clinical or laboratory evidence of 
an arteritic condition or of sarcoidosis. Although 
there are no typical abnormalities in the CSF, the 
diagnosis is almost certainly multiple sclerosis. * 

The one-and-a-half syndrome ıs thought to be 
caused by a lesion in the lower pontine tegmentum 
affecting the sixth nerve nucleus and the lateral gaze 
centre in the adjacent paramedian reticular forma- 
tion as well as the ipsilateral median longitudinal 
fasciculus. In this case the facial weakness and 
disturbance of taste indicate that the seventh nerve 
nucleus and the rostral part of the nucleus of the 
tractus solitarius, or alternatively the infranuclear 
fibres of the facial nerve and nervus intermedius as 
they pass through the pons, were also affected. A 
small lesion affecting exactly this area is clearly 
demonstrated by nuclear magnetic resonance 1mag- 
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ing. This case shows the value of magnetic resonance 
imaging techniques ın the investigation of brain stem 
lesions. Not only has it been possible to localise the 
lesion producing this unusual combination of dis- 
orders of eye movements within the pons but infor- 
mation about the pathology of the lesion has been 
provided. NMR allowed a definite diagnosis to be 
reached during the acute phase of the illness without 
recourse to invasive investigations. 


We are grateful to Dr M A Smith, Miss R A B Douglas, and Mrs A 
Blanc, of the NMR Imaging Unit, Royal Infirmary, Edinburgh, tor 
their belp with this casc. 
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single-dose cefotaxime intramuscularly cures 
gonococcal ophthalmia neonatorum 
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SUMMARY Nine neonates with culture proved gonococcal ophthalmia neonatorum were treated 
with a single intramuscular injection.of 100 mg/kg of cefotaxime without topical antibiotic therapy. 
Five of the nine strains were penicillinase-producing Neisseria gonorrhoeae. All nine cases were 
clinically and microbiologically cured, and no side effects were observed. 


Gonococcal ophthalmia neonatorum ceased to be a 
public health problem once silver nitrate ocular 
prophylaxis was systematically introduced early this 
century. In industrialised countries the condition lost 
its blinding character in the 1940s when penicillin 
became generally available. 

With the emergence and spread of penicillinase- 
producing Neisseria gonorrhoeae (PPNG) strains 
since 1976' other antibiotics such as the third genera- 
tion cephalosporins and kanamycin were introduced 
for the treatment of these infections.>* The preval- 
ence of PPNG strains remains low in industrialised 
countries, but in the developing world, in particular 
in South-east Asia and Africa, they account for up to 
20 to 80% of circulating gonococcal strains.‘ Hence 
gonococcal ophthalmia neonatorum may again 
become a blinding disease in these parts of the world 
unless effective and simple treatment schedules are 
available. 

This study reports the results of treating 
gonococcal ophthalmia neonatorum with a single 
dose of cefotaxime 100 mg/kg intramuscularly. 


Material and methods 


Cases of gonococcal ophthalmia neonatorum seen at 
the paediatric outpatient department of Kigali 
Hospital, Rwanda, Central Africa, during the year 
1985 are included in this study. 

In neonates with purulent conjunctivitis a pre- 
sumptive clinical diagnosis was confirmed by Gram 
stain and culture for N. gonorrhoeae on modified 
Correspondence to Dr Plulrppe Lepage 


Thayer-Martin medium. All nine cases included had 
a positive culture, and all strains were tested for 
B-lactamase production by the chromogenic 
cephalosporin test. Three cases were referred from 
peripheral health units and had received antibiotic 
therapy. 

The patients were treated with a single intra- 
muscular injection of cefotaxime 100 mg/kg, without 
topical antibiotics. Mothers received a single dose of 
spectinomycin 2 g intramuscularly as epidemiological 
treatment. E 

The infants were examined by an ophthalmologist 
(KP) before and after treatment to monitor eventual 
corneal complications. A follow-up examination was 
planned for 3 and 7 days after the day of treatment, 
and conjunctival swabs were taken for control 
cultures. 


Results 


Charactenstics of the nine patients and results of 
antimicrobial therapy are summarised in Table 1. 
Their ages ranged from 2 to 36 days with a median age 
of 9 days. Four infants were male and five female. All 
the patients presented with a purulent ocular dis- 
charge, which was bilateral in seven of the nine. One 
presented with gonococcal ophthalmia neonatorum 
and a purulent otitis media; cefotaxime treatment 
was continued for five days in this case. 

Five out of the nine isolates proved to be PPNG 
strains. All nine patients were clinically cured with- 
out any residual eye damage. Moreover, all follow- 
up cultures were negative for N. gonorrhoeae. 
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4 
Tablei Gonococcal ophthalmia neonatorum treated with cefotaxime 100 mg/kg single dose intramuscularly: characteristics 











of patients and treatment results 
Cue Age Weght Cincel  Prevtous therapy BHactamnase Follow-up 
(days) (kg) features 
Clinical Culture 
1 13 F 34 Bilat — — Cured (day 3) Neg (day3) 
2 13 F 23 Bilat. Pencilhn IM for 6 days + Cured (day 2 and 7) Neg (day 7) 
3 2 F 16 Bilat — + Cured (day2,5and7) Neg. (day 2and7) 
+ 7 M 20 Bilat * Penxillin IM for 4 days+ + Cured (day 4 and 6) Neg (day 6) 
chloromycetin eye ointment 
5 8 F 33 Unilat — + Cured (day 4,7, and 11) Neg (day 4and7) 
6 17 M 2-8 Bilat Tetracycline eye ountment - Cured (day 3) Neg (day 3) 
7 36 M 34 Bilat — - Cured (day 4) Neg. (day 4) 
8 9 M 29 Bilat — * Cured (day 3 and 8) Neg (day 8) 
9 1 F 3-15 Unitat — — Cured (day 5) Not done 


*Plus nght purulent outs media (culture negative on day 0), received cefotaxime 100 mg/kg/day intramuscularly in two doses for five days. 


° 


Discussion 


These data show that cefotaxime in a single intra- 
muscular injection of 100 mg/kg without topical 
antibiotic therapy effectively cures gonococcal 
ophthalmia neonatorum due to PPNG and non- 
PPNG strains. 

It has been demonstrated that gonococcal 
ophthalmia neonatorum should be treated by 
systemic antibiotics either alone or in combination 
with local treatment, but not by local therapy alone." 
Until recently penicillin was the treatment of choice 
worldwide, and a schedule of aqueous benzyl- 
penicillin, 50000 units/kg/day given intravenously 
in two doses for seven days with admission of the 
neonate to hospital was recommended.' 

Following the emergence of PPNG strains cases of 
gonococcal ophthalmia neonatorum due to these 
strains have been reported. So long as the prevalence 
of PPNG infections remains low, and provided very 
close supervision of the newborn babies' eyes is 
possible, it is still acceptable to initiate therapy with 
penicillin. These conditions are not met within 
developing countries. strict medical supervision is 
often impossible, and the prevalence of PPNG strains 
among circulating gonococa is above 20% in most 
countries. In Rwanda 52% of gonococcal isolates are 
PPNG strains, and of the non-PPNG strains 26% are 
chromosomally resistant to penicillin.” 

Penicillin treatment is inappropriate in such 
circumstances, and if one wants to prevent blindness 
as a complication of gonococcal ophthalmia neo- 
natorum highly effective antibiotic treatment has to 
be instituted from the start. 

Treatment by a single dose presents a great 
advantage over multidose schedules, as does a 
regimen without eye ointment or drops. Local 
therapy to the eyes of the newborn is difficult in poor 


conditions, has low compliance, and may itself cause 
infections. 

Single-dose intramuscular kanamycin if combined 
with a topical antibiotic for three days has been 
shown to be effectrve in gonococcal ophthalmia 
neonatorum due to PPNG and non-PPNG strains.** 
But although ototoxicity ıs unlikely with single-dose 
kanamycin therapy the potential for it makes it 
difficult to recommend the regimen as a first choice. 
Cefotaxime or gentamicin has been recommended 
for gonococcal ophthalmia neonatorum due to 
PPNG.' A case report showed that cefotaxime 100 
mg/kg/day for seven days was effective.’ As the third 
generation cephalosporins were shown to be highly 
effective in single-dose treatment of gonococcal 
infections in adults,""' their effectiveness in 
gonococcal ophthalmia neonatorum could be 
expected. A single intramuscular dose of 125 mg of 
ceftriaxone was reported to have been effective in 
seven cases,’ and the present study shows excellent 
results with a single-dose of cefotaxime. 

A working group of the World Health Organisa- 
tion recommended the addition of tetracycline oint- 
ment 1% for 10 days to a single intramuscular 
injection of 100 mg/kg of cefotaxime.? Our study 
proves that additional topical antibiotherapy is not 
required. Lower doses of cefotaxime, for instance a 
single intramuscular injection of 50 mg/kg, are prob- 
ably as effective and should be studied further. 
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Intravenous and intraocular ganciclovir for CMV 
retinitis in patients with AIDS or chemotherapeutic 
immunosuppression 
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AND GEORGE GEE JACKSON 
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SUMMARY The efficacy and toxicity of ganciclovir given by intravenous or intravenous plus 
intravitreal injection were studied in nine patients with cytomegalovirus (CMV) retinitis; seven 
with AIDS and two with drug induced immunodeficiency. Five patients had retinitis with macular 
involvement in six sighted eyes; six patients had only peripheral retinitis in seven eyes. In two 
patients (two eyes) with macular involvement intravenous plus intravitreal injection of ganciclovir 
preserved sight; intravenous infusion alone did not in four eyes of three other patients. In seven 
eyes (six patients) with peripheral retinitis vision was retained regardless of the route of ganciclovir 
treatment. Following intravenous ganciclovir drug levels in the vitreous fluid were 1-4—2-2 mmol/l, 
that is, 44 and 65% of the concomitant serum concentration. Clinically and at necropsy three eyes 
showed no evidence of toxicity from intravitreal injection of ganciclovir. All of five patients with 
AIDS who received intravenous ganciclovir for more than one week developed leucopenia. CMV 
retinitis of the macula may be benefited with minimal drug toxicity by intravitreal injection of 


ganciclovir. Treatment of peripheral CMV retinitis in patients with AIDS may be optional. 


Necrotising retinitis caused by cytomegalovirus 
(CMV) is one of the serious manifestations of 
immune deficiency states.'? It has the potential for 
producing blindness and seriously depreciating the 
quality of life. In patients immunosuppressed by 
medication CMV retinitis can be controlled by 
withdrawal of the mmunosuppressive drugs. In 
patients with the acquired immune deficiency syn- 
drome (AIDS) the irreversibility of the immune 
suppression makes progression of CMV retinitis the 
expected course The increasing prevalence of AIDS 
and of chemotherapy causing immunosuppression 
has increased the occurrence of CMY retinitis and 
emphasised the need for effective treatment.’ * 

The most effective antiviral drug for the treatment 
of CMV  infechons is 9-(1,3 dihydroxy 2- 
propoxymethyl) guanine (ganciclovir).^? Its use 
Correspondence to George Gee Jackson, MD; University of Illinois 
Me ue eene 840 South Wood Street, Chicago, Hinos 


offers the potential for stabilising and reversing CMV 
retinitis; however, ıt does not cure the disease. The 
requirement for long-term intravenous therapy often 
produces haematopoietic suppression. Treatment 
to prevent blindness has shown some benefit by 
funduscopy and visual acuity as measures of the 
effect In the absence of controlled comparative data 
a continuing critical appraisal of expenence with 
ganciclovir treatment is necessary to judge its benefit, 
pharmacological requirements, toxicity, and the 
therapeutic options. 


Matertal and methods 


The diagnosis of CMV retinitis was based on the 
characteristic findings on funduscopic examination, 
absence of another explanation of the retinitis, and 
cultures for CMV. Cultures of peripheral blood 
leucocytes, throat secretions, and urine were made 
before treatment, and at approximately monthly 
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intervals when prolonged treatment was given. The 
investigational protocol was approved by the 
Institutional Review Board for research involving 
humans, and informed consent was obtained from 
the patients. Patients were admitted to hospital for 
two weeks’ initial treatment. Ganciclovir 2-5 mg/kg 
was given intravenously every 8 hours (except that 
one patient received 5 mg/kg). If the dose was 
tolerated without haemosuppression, a single daily 
dose was continued for 14—20 days. If the leucocyte 
count decreased below 1x 10/1 or by more than 5096 
of the initial count, further doses were deferred until 
reversal of the condition, and then ganciclovir was 
started again. After the initial course the treatment 
was continued, usually at home, with doses of 
2-5 mg/kg daily on five days of the week. 
Ophthalmic examinations were performed by the 
same ophthalmologist (JP) at least twice weekly 
before and during the initial treatment and fre- 
quently thereafter. The visual acuity was graded by 
the Snellen test and by standard terms for gross 
impairment’ ability to count fingers, discern hand 
motion, and perceive light. Photographs of the retina 
were taken before and during treatment to record 
perceived changes. The response to therapy was 
rated as improvement, stabilisation, or progression. 
In three patients blood samples were drawn at 
frequent intervals following infusion of 5 mg/kg or 2-5 
mg/kg for measurements of the plasma drug level 
Insallation of intravitreal ganciclovir was done in the 
outpatient operating room by transcleral injection 
under direct visualisation. After removal of 0-1-0-2 
ml of vitreous fluid, 200—400 ug of ganciclovir in 0-1 
ml sterile water was injected. The procedure was 
performed two hours after the completion of the 
intravenous infusion of a dose of ganciclovir, and a 
simultaneous sample of serum was obtained. 


Results 


Of nine patients with necrotising CMV retinitis seven 
had AIDS and two were immunosuppressed for 
maintenance of a renal homograft. All of them had 
bilateral CMV retinitis. CMV was isolated from at 
least one clinical specimen from all but two patients. 
For the evaluation of treatment the patients were 
categorised according to macular involvement or 
only peripheral retinitis. The data are presented in 
Table 1. 


MACULAR RETINITIS 

Of five patients with necrotising retinitis involving 
the macula three were treated with intravenous 
ganciclovir and became totally or nearly totally blind 
during or shortly after treatment. One patient 
received the drug for only two days and withdrew 
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because of fear of drug toxicity He became totally 
blind within a few weeks. Another patient progressed 
to total blindness during the first week of treatment, 
which was then discontinued A third patient had 
small areas of retinitis involving the macula bilater- 
ally. Initially the visual acuity was good, 20/20, but on 
a regular schedule of treatment with intravenous 
ganciclovir (2-5 mg/kg five times a week) over a 
period of 43 days until death vision detenorated 
progressively to 20/70 (OS) and to perceiving hand 
motion (OD) 

In two eyes of two patients with macular retinitis 
ganciclovir was given by intraocular injection as well 
as by intravenous infusion. Following the intravitreal 
injection the retinal lesions improved in each of the 
eyes as judged by funduscopy and by visual acuity. 
One patient’s visual acuity of counting fingers at 5 
feet, (CF 5) (1:5 m) was improved to 20/40 and 
retained for one month after the intravitreal injection 
until death occurred from other causes. The other 
patient’s visual acuity detenorated from 20/100 to CF 
5 with intravenous therapy alone, but was improved 
to 20/200 and retained for approximately two months 
after the intraocular injection of ganciclovir; in the 
third month vision deteriorated while the patient was 
receiving intravenous doses of ganciclovir intermit- 
tently owing to toxicity. 


PERIPHERAL RETINITIS 

In seven eyes of six patients CMV retinitis involved 
only the peripheral retina. In all of them visual acuity 
was good (20/20 and 20/40), and it remained so until 
the time of death regardless of whether the treatment 
regimen included intraocular treatment or only intra- 
venous therapy. Four patients with AIDS died within 
one to six months In two patients with renal 
allografts ganciclovir was given only intravenously 
and the dose of immunosuppressive drugs reduced. 
The retinitis healed and remained quiescent without 
further treatment for eight months and one month 


respectively. 


PHARMACOLOGY AND TOXICOLOGY 

Intravenous infusion of 2-5 mg/kg of ganciclovir 
produced peak serum levels of 11 to 19-4 mmol/l; 5 
mg/kg in one patient gave a peak level of 25-6 mmol/l. 
Trough levels after eight hours were 1 mmol/l or less. 
Two hours after intravenous infusion ganciclovir 
levels in the vitreous fluid were approximately one- 
half the concentration ın serum. Concomitant serum 
and vitreous fluid concentrations of ganciclovir in two 
eyes of two patients are given in Table 2. Based on a 
distribution volume of 11-7 ml" the calculated drug 
levels after intraocular injections of 200, 300, and 400 
pg of ganciclovir were initially approximately 70, 
105, and 140 mmol/l respectively. One month after 




















Intravenous and intraocular ganciclovir §23 
Tablel Necronsing CMV retinitis treated with ganciclovir 
Pateni data Patents with macular involvement Parents with peripheral disease 
1 2 3 4 5 6 7 8 9 
Treatment’ Intravenous only Intraocular Intravenous only 
Age, yr 30 42 30 28 44 28 30 4 44 
Sex Maic Male Male Male Male Female Male Female Female 
TV dose (g) 08 54 9-2 89 9-9 54 36 5-8 55 
Duration, days 2 6 53 90 30 15 8 14 20 
Retinal involvement 
Before treatment 
OS M Old M P M P P Old P 
OD M M M M P ON P P Old 
After treatment 
OS NC NC i NC* Tt 4 1 NC 1 
OD NC i i ut* t i t t NC 
Visual acuity* 
Before treatment 
OS NLP NLP “20/20, 2020 CFS 20/20 20/30 CFS 220 
OD 20/200 CF5 2020 e 2100 20/20 NLP 20/40 20/20 CFS 
After treatment 
OS NLP NLP 20770 20/20* 20/40* 20/20 20/20 CFS 2020 
OD 20/200 NLP HM CFS 20/200* 20/20 NLP 20/40 20/20 CFS 
Vire cultures: 
Before treatment 
Blood NA + - - - € = - = 
Urine NA E + + + = + + = 
Throat NA + - + + + + = = 
After treatment 
Blood NA bee + - ~- = = = = 
Urine NA ~ + - - - * - - 
Throat NA NA * - - = - = = 
Leucopen:a 
«1x109//2 5056 fall No No Yes Yes Yes Yes Yes No No 


"M= macular lesion, P=penpheral retina, ON=optic nerve, *=200—400 ug intraocularly, NC=no change, | progression of leston(s), 
t -1improvement of lenon(s) "NLP=no light perception, CF5=count fingers at 5 feet (1 5m), HM=percerve hand motion 


CNA «not available 


intraocular injection and continuing intravenous 
doses, the inoculated eye of one patient had a slightly 
higher concentration of drug than the opposite eye. 

In one patient CMV viraemia in the leucocyte 
buffy coat persisted, though peak ganciclovir serum 
levels of 19-4 uM/ml were attained. In all other 
patients viral cultures for CMV were rarely positive 
during the period when ganciclovir was given. 

Of seven patients with AIDS and an mitral leuco- 
cyte count of 21x107/ five received ganciclovir for 
more than one week and all of them developed 
leucopenia. In four the granulocyte count decreased 
to less than 1x 10*/1 and in the other decreased more 
than 50%. All seven patients with AIDS died. One 
patient had reactivated Pneumocystis carinu 
pneumonia and also CMV pneumonia, another had 
CMV pneumonia with probable disseminated CMV; 
two other patients had overtly disseminated CMV 
infection. 

CMV retinitis was confirmed in six eyes enucleated 
from three patients at necropsy, imcluding three 


injected with ganciclovir. Virus was recovered from 
the retina of one eye. In none of the patients could 
another infection of the retina be identified histo- 
logically or by cultures for viruses and bacteria. The 
three eyes that were injected with ganciclovir showed 
no gross or microscopic evidence of drug toxicity. 


Discussion 


With a disease as potentially devastating but as 
variable as necrotising CMV retinitis, and a drug with 
the potential efficacy and toxicity of ganciclovir, 
controlled trials would be important but possibly 
unethical. The experience presented here, as in other 
reports, is limited and without controls on which to 
base firm conclusions. In the absence of such investi- 
gation it is important to develop criteria for selection 
of patients and expectations from treatment with 
ganciclovir. A fundamental question is whether all 
patients with necrotising CMV retinitis will benefit 
from ganciclovir treatment. In patients with AIDS, 
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Table2 Levels of ganciclovir in serum and vitreous fluid, 
mmol/l 


diris Duratronof Tone after Serum Vitreous Rato 
treatment infusion — (peak/trough) Vis 
2-5 mgikg 
S8hourly 

4 Initial 2h* 32 , 140D 4% 

5 4 days 2h* 34(110-15) 2208 65% 
30days 36h ND 140S 

(necropsy) 090D 


ND»notdoac “Intravitreal injection 


cure of CMV retinitis with ganciclovir cannot be 
achieved. In its place the preservation of adequate 
vision might be a suitable aim. When CMV retinitis is 
only at a peripheral focus, the rate of progression to 
blindness may be slow and in patients with AIDS may 
be preceded by death. For those with initial involve- 
ment of the macula, intravenous treatment appears 
to be inadequate to save their sight. The anatomical 
differentiation of macular and non-macular involve- 
ment of the retina might serve as a basis for the 
categorisation of patients for different treatment 
regimens. 

When the retinitis does not impair visual acuity, 
the avoidance of drug toxicity may be preferable to 
the expected gain when long-term intravenous 
ganciclovir 1s required. The levels of ganciclovir in 
vitreous fluid following intravenous administration of 
the recommended dose (2-5 mg/kg) may reach 5076 
of the concomitant serum concentration, but are 
probably inadequate for effective antiviral action 
against more than a third of the strains of CMV * 
Direct intravitreous injection of ganciclovir appears 
to be non-toxic and can produce inhibitory levels of 
drug at the site of infection for many hours.'-" When 
given in conjunction with intravenous therapy, the 
preservation of an inhibitory drug level in the eye 
may be present for a relatively long period. During 
that period CMV can be suppressed, the lesions 
stabilised, and vision preserved or improved. One 
patient has received multiple injections." The 
optimal and safe time intervals to repeat the intra- 
vitreal injections, if necessary to maintain the sup- 
pressive effect, are not known and may vary among 
patients. If acceptable, infrequent intravitreal injec- 
tions could be programmed by clinical and fundu- 
scopic signs to fit the need 

The best regimen for maximum benefit and 
minimal drug toxicity remains unproved. Our experi- 
ence suggests that ganaclovir therapy of peripheral 
retinal lesions can be individualised and observation 
without specific treatment justified. When macular 
lesions are initially present, intravitreal injection of 
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ganciclovir may give the greatest likelihood of pre- 
serving sight with minimal drug toxicity. 


All patients were treated under a compessionate plea protocol with 
the sponsorship of Burroughs Wellcome Company, Donna 
Cederberg, collaborating investigator. Approciation is expressed to 
the following Dr Greg Shipman, Chicago, IL, who referred three 
patents, Henry Balfour, MD, University of Minnesota, 
Minneapolis, Minnesota, and Paulo de Miranda, PhD, Burroughs 
Wellcome Company, Research Tnangle Park, NC, who assayed the 
levels of in scrum and vitreous; and Mary Rubenis for 
viral cultures donc at the University of [inom at Chicago Core 
grant EYO1792 and traning grant EY O7038 from tbe National Eye 
Institute, NTH, Bethesda, Maryland, helped support the work 
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Treatment of cytomegalovirus retinitis with 
ganciclovir (9-[2-hydroxy-1-(hydroxymethyl) 
ethoxymethyl] guanine (BW B759U)) 
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$ 
SUMMARY Six patients (11 eyes) with virologically confirmed cytomegalovirus (CMV) retinitis 
involving the posterior pole of the eye were treated with a new drug, ganciclovir. Treatment with 
intravenous ganciclovir consistently halted progression of retinitis and produced improvement in 
measures of visual function. However, within three weeks after cessation of therapy renewed CMV 
activity and worsening of visual function were observed in most cases. Maintenance therapy with 
ganciclovir extended the period of remission from CMV retinitis. 


The acquired immunodeficiency syndrome (AIDS) is 
an epidemic disorder characterised by immuno- 
logical impairment that predisposes to the develop- 
ment of cancer and to life threatening infections with 
opportunistic organisms. The syndrome, first 
reported 1n homosexual men, and subsequently in 
intravenous drug abusers, recent Haitian immi- 
grants, haemophiliacs, transfusion recipients, and 
infants of women in known risk groups for AIDS, has 
been well documented since 1981. Opportunistic 
infections including Pneumocystis carinii pneu- 
monia, oral and oesophageal candidiasis, herpes 
simplex, herpes zoster, cytomegalovirus, systemic 
cryptococcus, atypical mycobacterial infections, and 
toxoplasmosis as well as Kaposi’s sarcoma and non- 
Hodgkin's lymphoma are frequently seen in these 
patients. ^? 

Cytomegalovirus (CMV), a common and often 
severe opportunistic infection in these patients, may 
be present in the retina in the absence of clinically 
apparent cytomegalovirus infection elsewhere The 
retinal manifestations of CMV are retinal necrosis 
with haemorrhages, exudates, retinal vasculitis, and 
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a slow but steady progression to complete retinal 
destruction.*” 

There is no efficacious treatment for either ocular 
or systemic cytomegalovirus infections. A new 
experimental intravenous drug, ganaclovir (BW 
B759U or  (9-[2-hydroxy-1-(hydroxy-methyl) 
ethoxymethyl] guanine), an analogue of acyclovir, is 
being evaluated for the treatment of patients with 
CMV retinitis. This report describes an initial series 
of patients with AIDS and CMV retinitis who have 
received this new agent. 


The cases reported are the first six patients (11 eyes) 
with AIDS and CMV retinitis who consented to 
treatment at the Beth Israel Medical Center (BIMC) 
with the drug ganciclovir The patients included five 
men and one woman, ranging in age from 29-55, and 
all with history of homosexuality or intravenous drug 
abuse and a diagnosis of AIDS. All patients had 
positive urine cultures for CMV as well as increased 
serological titres for CMV. At the start of treatment 
their visual acuities ranged from 20/30 to no light 
perception (Table 1). All patients had disease involv- 
ing the posterior pole, that is, involvement of either 
or both the macula and optic nerve. 
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Table | 
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Visual acuity after 21 days of therapy 


Parent Before therapy Vrer therapy 





l LP with projection OS 20 NO OS 
2 20 300D NLPOD 
20: 8008 NLPOS 
3 20550 08 ^U NOS 
CF at 2-4 m OD 20 200 OD 
4 NLPOD NLPOD 
20 8008 WSO OS 
5 20/100 0D ^U 700D 
HM OS HM OS 
CF at 2-4m OD ^30 OD 
6 20 30008 0 0008 


1—————»—»—————————-— 
NPL - no light perception. LP 
fingers. HM - hand motions 


light perception: CF — counting 


Complete blood counts including platelet counts. 
blood chemistries including liver function tests, 
electrolytes, blood urea nitrogen, and serum 
creatinine were obtained prior to initiating treatment 
and followed up at least every three days during 
therapy. In two patients on maintenance therapy 
these tests were performed once each week 

A complete ophthalmological examination was 
performed which included visual acuity testing. 
external and slit-lamp examination, intraocular 
pressure determination, and funduscopic evaluation. 
A baseline fluorescein angiogram, electroretino- 
gram, and visual evoked reponse were performed on 
all patients. All patients received a baseline macular 
function test by the macula program of the 
Humphrey automated perimeter. 

While in the hospital the patients had daily eve 





Fig. | 
nerve head with obscuration of the disc 
this patient was 20/50 


Case 3. There is extensive involvement of the opti 
The visual acuity in 
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Fig.2 


arcades are clearly visible 


After 21 days of therapy both the optie nerve and 
The acuity was stable at 20:30 


examinations, with fundus photography performed 
every third day. Macular function tests were repeated 
at least weekly. and fluorescein angiograms were 
repeated on a weekly basis 

All patients received ganciclovir 2-5 mg/kg intra- 
venously every eight hours for a 21-day course. Two 
patients received more than one course in hospital 
Two of the patients received subsequent mainten 
ance therapy after finishing the 21-day course. H 
consisted of 5 mg/kg intravenously once per day for 





Fig. 3 
involvement of the optic nerve head as well as the sheathing of 


Case 6. The patient's right eye demonstrates extensive 


the arteries and veins. There are some obliterated arteries 
inferior to the disc. There is extensive oedema throughout 
the posterior pole. The visual acuity was counting fingers at 
24m 
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. 
Fig.4 After 10 days of therapy there is still some mild 
residual oedema of macula, and some borders of the optic 
nerve are now clearly visible. The acuity was 20/200 


live of seven days every week administered through a 
Broviac catheter placed into a subclavian vessel. 


Results 


We found that six of 11 eyes (54-5% ) improved their 
visual acuity by at least one line on the Snellen chart 
by the end of the 21-day course ( Table 1. Figs. 1-5). 
70, 


Three eyes (27-2%) remained stable at pretherapy 
acuities and two eyes (18-1%) deteriorated. Patient 2 





Fig. 5 
significantly cleared. The visual acuity progressed to 20/30 in 
the right eye. The patient reported a great sense of wellbeing 
while on maintenance therapy 


While on maintenance therapy the fundus 


An 
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had both bilateral scarring of the 
posterior pole and optic atrophy, resulting in a final 
visual acuity of no light perception. Thus ganciclovir 
improved or stabilised 81-7% of treated eyes. Two 
patients relapsed and required subsequent therapy 
more than once and lost an additional line of acuity 
on the Snellen chart; however, their final acuities 
remained better than their pretherapy acuities. 

All patients had a drop in their white blood cell 
counts. In one case the dose of ganciclovir was 
decreased to 1 mg/kg intravenously ev ery eight hours 
while the patient remained absolutely neutropenic 
(less than 1x I0" white cells/1). and in another case 
the drug was terminated. The liver function values 
increased in five of the six patients; however, this did 
not interfere with the therapy regimen. Three of the 
SIX patients died after therapy, one from toxoplasmo- 
sis and two from disseminated CMV. One was lost to 
follow-up. These patients had not received mainten- 
ance therapy they refused any further 
medications. One patient died from septicaemia 
while on maintenance therapy 


progressive 


because 


Discussion 


Active CMV infection can be diagnosed by an 
increase in complement fixation antibodies, culture 
of the virus in serum, urine, saliva, or other body 
fluids, or biopsy confirmation of cells showing the 
classic histopathological picture. In the eye the virus 
has been isolated from tears" or conjunctiva’ of 
patients with and without retinitis and does not 
correlate well with ocular symptoms, In patients with 
retinitis cultures of subretinal fluid and vitreous may 
be positive In patients with panuveitis aqueous 
taps have yielded live virus.^" On occasion the 
diagnosis can be made by a vitreous tap and culture.” " 
CMV retinitis has been found in 15% to 46% of 
AIDS patients in most series from the United 
States Once observed in these patients, the 
retinitis tends to be slowly but inexorably progressive, 
often affecting both eyes and ultimately causing 
complete blindness. 

Therapy for cytomegalovirus retinitis has been for 
the most part unsuccessful. Limited experiences with 
transfer factor” and antiviral drugs such as adenine 
arabinoside,” floxacidine, and acyclovir have yielded 
only an occasional report of success. Clinically 
treatment with ganciclovir also did not appear to 
provide a permanent cure in the present series. 
Although this agent consistently halted the progres- 
sion of the retinitis several days after initiation, and 
improved both the vision and the retina, these 
effects were maintained only during therapy and for a 
short time after drug therapy was withdrawn." 
Approximately three weeks after completion of a 
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typical 21-day course, renewed CMV activity was 
observed in the retinas of cases 1, 2, 4, and 5. 

Ganciclovir or BW B759U is an acyclic nucleoside 
analog of acyclovir. It is active against herpes simplex 
types I and II (HSV), varicella zoster virus (V2V), 
Epstein-Barr virus (EBV), and human cytomegalo- 
virus (HCMV) Instudies on human cytomegalovirus 
of strain AD169, BW B759U did not appear to affect 
virus early gene function. However, the synthesis of 
several late structural proteins was inhibited." It 
appears that ganciclovir ıs incorporated by intra- 
nucleotide linkage into the DNA extracted from 
HSV infected cells. This suggests that it does not 
function as a chain terminator as does acyclovir. 
Ganciclovir strongly inhibits the synthesis of viral 
DNA in human cytomegalovirus infected cells as well 
as in herpes simplex virus infected cells.” * In essence 
this new drug is phosphorylated and eventually 
functions as an alternative substrate, as a competitive 
inhibitor of the human cytomegalovirus induced 
DNA polymerase. 

The main toxic effects of ganaclovir include 
reversible bone marrow depression and irreversible 
testicular atrophy Assays done on the drug show that 
the toxicity falls between that of vidarabine and that 
of acyclovir. However, in patients with AIDS, 
HTLV-III/LAV virus also produces cytopenias and 
may synergistically act to decrease the white blood 
cell count, complicating evaluation of drug toxicity in 
these patients. Drug toxicity is believed to be 
minimal at 2-5 mg/kg. At a dose of 5 mg/kg bone 
marrow suppression may occur At a dosage of 7 
mg/kg per day in anımal models testicular atrophy 
occurred.* At dosages of 20 mg/kg per day diarrhoea 
and emesis occurred in addition to cytostatic effects 
(bone marrow, thymus, lymphoid organs) and 
testicular atrophy. At large doses of 60 mg/kg per day 
animals experienced diarrhoea and emesis, cytostatic 
effects, testicular atrophy, maturation arrest of 
gastrointestinal cells, and death. 

In the early patients reported here, no side effects 
were noted other than a decrease in the white blood 
cell count. In most patients it decreased slightly, and 
intwo the treatment was reduced or stopped until the 
white blood cell count returned to normal. One case 
(3) expenenced a transient decrease in the white 
blood cell count several days after finishing a first 10- 
day course of therapy. It could not be determined, 
however, whether this represented a delayed effect 
of the ganciclovir therapy or a consequence of other 
concurrent medications, the direct effect of the CMV 
itself, or the underlying immune deficiency. More 
interesting was that many of these patients stated 
they had an improved feeling of general wellbeing 
while on the drug. Those patients who had headaches 
noted improvement while on therapy. One can 
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theorise that the medication may be able to enter the 
central nervous system and inhibit the virus despite 
animal studies suggesting poor CNS penetration. 

Ganciclovir appears to slow or halt progression of 
CMV retinitis and allow for healing and visual 
improvement as shown by fundus photographs and 
macular fields. However, after therapy is discon- 
tinued the retinitis recurs, usually within three 
weeks. In addition recurrent episodes of CMV 
fetinitis appear to respond more slowly and incom- 
pletely to treatment than do the initial episodes. As a 
result of the experience we report here, patients are 
being put on a maintenance schedule of 5 mg/kg 
intravenously in one dose, five times a week, after the 
initial course of therapy is completed. Itis hoped that 
such a regimen will prevent recurrent retinitis. 


The authors express their thanks to Burroughs Wellcomc Company 
for próviding them with the drug BW B759U 
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Severe herpetic keratitis. I: Prevalence of visual 
impairment in a clinic population 
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SUMMARY We report a prevalence study of the best visual acuity in the affected eye of 100 selected 
patients with herpetic keratitis seen during a two-year period. Sixty-two patients retained an acuity 
of 6/9 or better without requiring penetrating keratoplasty (PK). The prevalence of reduced visual 
acuity severe enough to warrant PK was 33%. Patients requiring PK for whom full clinical records 
were available suffered a mean of 6-8 episodes of keratitis. In this group of patients the vision of 18 
fell from 6/6 to 6/60 over a mean period of 8-5 years. Once visual acuity was permanently reduced to 
6/12, 78% of patients proceeded to lose vision to 6/60. Unilateral visual impairment occurs in at 
least a third of patients with severe herpetic keratitis. Once vision falls permanently to 6/12, the 
long-term prognosis for vision appears to be poor. 


Bristol Eye Hospital provides ophthalmic care for the 
City of Bristol and surrounding areas, a population of 
approximately 863 000. The Corneal Clinic has been 
established for 14 years, and all cases of severe 
herpetic eye disease are referred here. However, it 
should be noted that simple epithelial disease which 
heals readily with little or no visual loss is not 
routinely seen in this clinic. 

We have surveyed the population with herpetic 
keratitis seen in the Corneal Clinic and recorded the 
best corrected visual acuities (VÀ). When penetrat- 
ing keratoplasty was required, best VA prior to PK 
was recorded. 

We wished to know what proportion of patients 
with severe herpetic keratitis lost significant VA, and 
we tried to ascertain how rapidly such loss occurred. 
To record rate of loss of VA we arbitrarily chose 6/12 
and 6/60, and noted the time for eyes with acuities of 
6/6 to fall to these levels. These levels were chosen 
because, if they had represented best visual acuity in 
the best eye, they would have prevented the patient 
from driving or would have allowed them to be 
registered as partially sighted. Since official statistics 
do not include unilateral loss of sight, and since the 
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. majority of herpetic eye disease ıs unilateral, such 


patients will not appear in these statistics. 

In addition we have recorded the number of 
recurrences of herpetic keratitis associated with a 
reduction in VA severe enough to warrant PK. 


Materials and methods 


A computerised database of all patients seen in the 
Corneal Clinic was begun in August 1984. It was 
maintained on the University main-frame Multics 
computer with an XQX editor. Recorded data 
included all diagnoses and adequate information 
for retrieval of hospital notes. The database was 
augmented and updated on a weekly basis after each 
clinic, and thus patients were prospectively recruited 
into the database. 

At the end of July 1985 the database was searched 
for all patients with herpetic keratitis. One hundred 
and four patients were identified. Case notes could be 
located for 100 of them, and these formed the study 
group. The group included new patients with active 
keratitis during the period August 1984 to end of July 
1986, old patients with recurrent keratitis, old 
patients with quiescent disease attending for review, 
pre- and postoperative patients, and those seen some 
time after penetrating keratoplasty. 

The characteristics recorded for each patient 
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Table 1 Patent characteristics recorded 


Right or left or both eyes affected 
Dresse first seen 


Subpopulaxon with vaton reduced to at least 6/12 
Sex 


Age first sean with herpetic keratitss 
Tune from onset to vision of 6/12 


Subpopulation with viston reduced to at least 6/60 
Sex 


Age first seen with herpetic keratrtzs 
Time from onset to vison of 6460 


Subpopuleton undergomg penetretmg keratoplarty (PK) 


Visual acurty when listed 

Number of recurrences prior to lesting for PK . 

Age at ume of PK » 

Initial drsezse 

Number of outpatient visits and days as in patent during the year 
before and two years after PK 


included age at onset and at various times thereafter, 
sex, and whether PK was required for visual rehabili- 
tation. A full list of characteristics is shown in 
Table 1. 


Results 


There were 51 male patients and 49 females. The 
mean age at onset was 38-6 years for the 68 patients 
who had not been treated elsewhere prior to being 
seen in Bristol. The left eye was involved in 62 
patients and the right eye in 38 (p>0-05). Five 
patients had bilateral disease. The diagnosis of 
herpetic keratitis was clinical in all cases (100 
patients), based on observation of a dendritic or 
geographical ulcer, or typical stromal disease. 

The disease at presentation was epithelial 
(dendritic or geographical ulceration) in 41 patients, 
stromal in eight, and mixed in 51. At the time of the 
survey 62 patients had a VA of 6/9 or better after 
medical therapy. Five patients had acuities between 
6/12 and 6/24. All 33 patients whose V A had fallen to 
6/36 or worse had received a PK. 

The presenting keratitis in those patients who 
required PK had been purely epithelial in 10 patients 
(30-396), purely stromal in two patients (6-196), and 
mixed stromal and epithelial in 21 patients (63-696). 
Details on the number of recurrences of keratitis 
pnor to PK were available for 20 patients (6096); 
these patients had a mean of 6-8 recorded recur- 
Tences (range 3-15) before requiring PK. 

Of the 33 patents who required PK 11 had no 
recorded VA better than 6/60. These included 


patients refered to Bristol from elsewhere. However, 
18 patients had clinical histories which recorded 
visual impairment from 6/6 to at least 6/60. There 
were 11 male patients and 7 female. The mean age at 
onset of herpetic keratitis was 51-0 years for male 
patients and 42-1 years for females. The mean time 
taken for vision to fall from 6/6 to 6/60 was 8-5 years. 

In addition to the 18 patients who lost vision from 
6/6 to 6/60 a further five lost vision to between 6/12 
and 6/36. We were therefore able to note the rate of 
visual loss to 6/12 in 23 patients. These patients lost 
vision from 6/6 to 6/12 in a mean of 4-8 years. Of the 
23 patients who permanently lost vision to 6/12 18 
progressed to 6/60 or worse (78%). 


Discussion 


Herpes simplex virus (HSV) causes disease not only 
when it first infects the eye, but also by producing 
recurrent disease (reviewed by Falcon'). Recurrent 
disease is thought to occur when HSV, which has 
established latency in the trigeminal ganglion, is shed 
into corneal tissue via neural pathways. Recently 
latency (or persistence) of HSV in ocular tissue has 
been reported^* (Claoué et al., in preparation), and 
clearly this may play a part in the genesis of severe 
recurrent disease and chronic stromal keratitis. 

The pathogenic mechanisms whereby HSV pro- 
duces stromal scarring and visual loss are not known. 
However, laboratory studies have suggested a role 
for T-cell mediated pathogenesis,’ and it is known 
that the cell population tn corneal buttons removed 
for PK 'à chaud' contain a large proportion of 
cytotoxic T cells.'" 

The incidence of herpetic keratitis is estimated to 
be five patients per 10000 population per year," and 
46% retain a visual acuity of 6/6 over a period of 
seven years." Thus 54% had reduced vision and 
could be considered to have severe disease, including 
17% whose vision fell to 6/18 or worse. While we do 
not have a precise figure for the total number of new 
patients with herpetic keratitis seen during the two- 
year period studied at this hospital (serving a popula- 
tion of 863 000), it is known that approximately 120 
new patients with herpetic keratitis are seen per 
year.” This is less than that predicted from the 
experience of Norn.” 

Asin previous studies (reviewed by Tullo”) we find 
that the onset of disease is predominantly in the fifth 
decade of life. However, the male preponderance 
reported by other authors* ^ was not found. This 
could be due to a number of factors, including a 
reduced frequency of severe disease in males. A 
number of other authors have also failed to find an 
obvious male preponderance among patients with 
stromal disease"" or keratouvcitis,??" and we 
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believe that our patients are similar to those seen 
elsewhere in the United Kingdom. 

It is generally known that patients with herpetic 
keratitis may lose vision, though this particular 
aspect has not been extensively studied. There is no 
mention of the extent of visual loss in herpetic eye 
disease either in ophthalmic reference texts?" or in 
specialist texts on herpetic eye disease." This is in 
part because of the problems of following up patients 
for the prolonged periods required to detect visual 
loss, a point first made by Thygeson ef al.? in 1956. 
However, 17% of patients in one series had vision 
reduced to 6/18 or worse" and 23.4% of patients in 
another series lost vision to at least 6/12.” In a series 
of 15 patients with herpetic keratouveitis 40% had a 
visual acuity of 6/12 or worse." The prognosis for 
patients with disciform keratitis seems to be even 
worse, with 3096 having visual acuities of 6/60 or 
worse at presentation, of whom the majority (67-596) 
had the same or worse vision after treatment." These 
studies were performed by different methods from 
those reported here, and are also in genetically 
different populations. Thus it may be difficult to 
compare the results of other workers directly with 
our own. 

Although we found that 33% of our patients 
developed visual acuities of 6/36 or worse, other 
patients in our study group may go on to develop 
visual impairment, and so this figure can represent 
only a minimum. 

The majority of patients in this study presented 
originally with either purely epithelial disease or 
mixed epithelial and stromal disease (often a small 
infiltrate under an ulcer). Despite treatment many 
progressed to significant loss of vision. However, this 
treatment was not standardised, and it is possible that 
the latest penetrating antiviral drugs such as acyclovir 
may prevent progression to visual impairment or 
alter the recurrence rate. 

Those patients who regained good vision after 
their initial episode were observed to lose vision to 
6/12 in 4-8 years, and to 6/60 after 8-5 years despite 
treatment, though therapy was not identical for all 
the patients. The patients with loss of vision to 6/60 
were on average older when first seen than the less 
severely affected group. It is known that stromal 
keratitis is commoner with increasing age.” 

The finding that 33% of patients with severe 
herpetic keratitis require PK stresses that visual loss 
is frequently severe. Since these patients regained 
good vision and did not require simultaneous or early 
cataract surgery, it is reasonable to attribute the 
visual loss exclusively to the keratitis. Moreover, 
since the visual loss is most often unilateral, official 
statistics of blindness will not show the incidence, as 
they are based on the best vision in the better eye. 


The number of episodes of keratitis producing a 
degree of handicap requiring keratoplasty can be as 
little as 3, while the mean is only 7, stressing the need 
for optimal therapy each time a recurrence occurs. It 
is, however, worrying to note that 78% of patients 
who permanently lost vision to 6/12 later progressed 
to 6/60 or worse, suggesting that even’ quite mild 
degrees of visual loss in patients with herpetic 
keratitis should be considered as serious indicators of 
prognosis. Since this is not a closed study, the figure 
of 78% can be regarded as only a minimum. There is 
thus a clear need for optimal medical therapy for 
patients with severe herpetic keratitis. 


CMPC is the holder of a Wellcome Trust research fellowship. We 
acknowledge the help of the staff of the computer centre at the 
University of Bristol, and of the medical records department at 
Bristol Eve Hospital. Wc are grateful to the following for helpful 
commerfts: Dr W A Blyth. of the University of Bristol Department 
of Microbiology; Professor D C Colley, of the University of Bristol 
Department of Community Medicine; and Miss K E Stevenson. 
FRCS, of Moorfields Eye Hospital. 
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Pattern visual evoked potentials in hyperthyroidism 


K W MITCHELL, C M WOOD, and J W HOWE 


From the University Department of Ophthalmology and Regional Department of Medical Physics, 
Royal Victoria Infirmary, Newcastle upon Tyne NEI] 4LP 


SUMMARY Pattern reversal visual evoked potentials (VEPs) have been elicited in 16 female 
hyperthyroid patients before and after treatment and compared with those from a similar group of 
age and sex matched control subjects. No effect on latency was seen, and although larger amplitude 
values were noted in the thyrotoxic group these too were not significant. We would conclude that 
hyperthyroidism per se has little effect on the pattern reversal VEP, and any observed effect on 


these potentials is probably due to other factors. 


Thyroid disease is a known cause of nervous system 
dysfunction. Hypothyroidism has been reported to 
affect both the electroencephalogram (EEG)' and 
the visual evoked potential (VEP) to flash stimula- 
tion, the feature of note in the latter being a delay in 
conduction.’ In more recent studies utilising the VEP 
to pattern stimulation this observed delay was shown 
to show reversibility after appropriate treatment.’* 
While hyperthyroidism has been shown to produce a 
so-called ‘fast’ rhythm EEG? (a feature which was 
observed to disappear when the patients became 
clinically euthyroid), to our knowledge only one 
study has investigated VEPs in hyperthyroidism‘ and 
this adopted flash stimulation. No effect on latency 
was observed, though larger amplitudes were noted. 
It is obviously important to be aware of any 
abnormalities in the VEP that are due to hyper- 
thyroidism if electrodiagnostic techniques are to be 
used in the treatment of any optic nerve disease 
which may result from such thyroid dysfunction. The 
intention of this study therefore was to investigate the 
pattern VEP in hyperthyroid patients before and 
after treatment and to compare the results with an 
appropriately matched group of control subjects. 


Patients and methods 


Sixteen hyperthyroid patients (mean age and SD= 
38-3 and 7-2 yr), all female, and with biochemically 
proved (untreated) thyrotoxicosis, were recruited 
Correspondence to Dr K W Mitchell, Univernty Department of 
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from the endocnne clinic. Patients with eye disease 
unrelated to thyroid disease or receiving drug 
therapy which could influence the VEP were 
excluded. All patients had a full ophthalmic assess- 
ment which consisted of measurement of corrected 
visual acuity, biomicroscopy, tonometry, fundus- 
copy, exophthalmometry, and assessment of ocular 
motility and visual fields. Apart from the results of 
exophthalmometry and ocular motility assessment 
the patients were found to be normal. Most of the 
group had mild thyroid eye disease consisting of 
slight proptosis and lid retraction. Two patients 
developed extraocular muscle involvement during 
the study; however, there were no cases of corneal 
ulceration or optic nerve compression. VEP investi- 
gations were performed on patients in the thyrotoxic 
state and then repeated at least six months after they 
had been rendered euthyroid. Control of the disease 
was medical (nine cases), surgical (three cases), and 
by radioactive 1odine (four cases). 

The control group comprised 16 female subjects 
who were age matched to the patient group not 
only with respect to mean and standard deviation 
(37-6::10-5 yr) but also in the distribution of ages. 
They were selected on the criterion that they were 
ophthalmologically normal in all respects. 


ELECTROPHYSIOLOGY 

The checkerboard stimulus was produced by a video 
pattern generator on a high quality TV monitor. 
Luminance modulation of the pattern was selected to 
give the pattern reversal mode of stimulation at a rate 
of 2 per second. The checksize of the stimulus was 50’ 
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and the visual field subtended, 17°x14°. The overall 
luminance of the TV screen—with and without 
pattern—was maintained constant at 10-4 Cd M^. 
Pattern contrast (defined as (Linax—binmV/ (Lms t 
Liam) where Lmax and Lmun are the luminance of the 
bright and dark checks respectively) was adjusted to 
be 95%. 

Silver/silver chloride disc electrodes were attached 
to the scalp with collodion in the following positions 
as defined by Jasper’. active—Oz, reference—Cz, 
earth—Pz. A Medelec electrophysiological record- 
ing unit was used to amplify, average, and store the 
evoked potentials The amplifier band width was 
0-8—80 Hz, and either 64 or 128 epochs of 300 ms 
duration were averaged depending on the size of the 
Tesponse. Two averages were obtained under each 
stimulus condition to check for consistgncy, and 
quantitative analysis was performed on the average 
of these two. The patients were given short penods of 
Test between each separate measurement so as to 
minimise fatigue and any concomitant increase in 
response variability. With respect to latency, the 
P100 component was analysed, and for amplitude a 
peak-peak measure between components P100-N150 
was adopted. A permanent record of the responses 
was made on an X-Y plotter. 

Monocular stimulation was adopted in all investi- 
gations, the subject being instructed to maintain 
fixation and focus on a small LED marker attached to 
the centre of the screen. This was monitored during 
the investigation by closed circuit TV 

Prior to the commencement of the test the subject 
was preadapted to the luminance of the blank screen 
for 5 minutes. This was the only source of illumina- 
tion in an otherwise darkened room. The test was 
concluded with the measurement of the subject's 
pupil size under experimental conditions. 


STATISTICS 

In terms of absolute measurements of both latency 
and amplitude one value was selected for analysis at 
random from either the right or left eye in both 
control and patient groups. In addition, the magni- 
tudes of interocular differences in latency and ampli- 
tude were also computed to facilitate comparison 
between distnbutions where interindividual differ- 
ences in absolute values had been eliminated. 
Normal parametric distributions were assumed and 
therefore significance was determined by Student's t 
test. The level of significance chosen for the study was 


1% (px0-01). 
Results 


Characteristic VEPs from the right and left eyes of a 
control subject are illustrated in Fig 1a. The main 
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CONTROL, Age 30 


RE 
Pre-Troatment 
£ 
Post-lreatment 
LE 


Fig 1 VEPs from a control subject (a) and from a patient, 
before treatment (b) and after treatment (c). 


components of these responses, namely the P100 and 
N150, are clearly evident in both RE and LE tracings. 
In Figs 1b and 1c the VEPs elicited from a hyper- 
thyroid patient before and after treatment are shown 
for comparison. There appeared to be little qualita- 
tive difference in the form of either set of responses, 
both in relation to each other or to those observed in 
the control subject. With respect to P100 latency, no 
overt differences were apparent, but amplitudes 
appeared to be somewhat larger in the responses 
from the patient than those from the control subject. 
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Fig.2 Scattergrams of absolute P100 latency (a) and 
interocular latency difference (b) in control and patent 
groups CL=confidence limit. 


When the entire control and patient group data 
were analysed the impressions gained from the 
previous two subjects were essentially found to be 
representative of the complete study. In Fig. 2a 
scattergrams of P100 latency in the control group and 
before and after treatment in the patient group are 
illustrated. No apparent difference in the separate 
distributions was evident, a feature confirmed when 
mean and standard deviations were calculated (these 
are indicated at the top of each column). The 99% 
confidence level is shown drawn through the data. 
When interocular latency differences were con- 
sidered (Fig. 2b), a similar picture was observed in 
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Fig 3 Scattergrams of absolute P100 amplitude (a) and 
interocular latency difference (b), in control and patient 
groups. CL=confidence limit. 


that no significant differences in the control and 
patient distributions or their respective means were 
noted. 

As regards VEP amplitude, scattergrams of these 
data are presented in Fig. 3a. The large interindi- 
vidual variability (which is characteristic of EP 
absolute amplitude measures in general) is seen in 
both control and patient groups. But even when this 
was allowed for there appeared to be a small shift to 
larger amplitudes in the distribution for (pretreat- 
ment) patients. This feature was confirmed when the 
means and standard deviations for the various groups 
were calculated. However, the increased mean in the 
pretreatment patient group was found to be not quite 
significant (0-05>p>0-01). Interestingly, what 
difference there was appeared to resolve in the post- 
treatment group. Analysis of interocular amplitude 
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differences, of course, elininates one source of 
interindividual variability and consequently results in 
much narrower distnbutions. These are illustrated in 
Fig. 3b. Once again there appeared to be some 
difference in the pretreatment group distribution in 
comparison with that for the control group. How- 
ever, this was not significant when the respective 
means were compared statistically, though four indi- 
viduals in this group were outside the 99% confidence 
limit. It is noteworthy that, after treatment, inter- 
ocular differences in three of these four became 
insignificant. i 


Discussion 


It is important in the study and application of evoked 
potentials that due consideration be given to the 
influence of sex and age on both diseased dnd control 
populations. VEPs are known to be affected by such 
factors," and therefore to minimise their influence on 
the findings it 1s necessary to match control and 
pathological groups appropriately 

From the results of this study ıt would seem that 
high levels of circulating thyroid hormone have little 
affect on conduction in the visual pathways, as no 
changes in VEP latency were observed. There may, 
however, be some influence which serves to increase 
VEP amplitude (a feature which agrees with previous 
observations utilising the flash VEP),* but the results 
of our trial are not statistically conclusive. In addition 
the broad distribution of this measure in both control 
and patient groups tends to militate against its use in 
routine clinical investigation. Thus, with the limited 
confidence which a trial of this size allows, we would 
conclude that hyperthyroidism has only a small affect 
on the VEP, both on presentation and throughout a 
course of treatment, notwithstanding the fact that no 
period of prolonged hypothyroidism has intervened. 
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The relevance of such findings in the management 
of thyroid eye disease must be that the observation of 
a delayed VEP is probably due to other factors 
(excluding other confounding neuro-ophthalmic dis- 
orders or artefacts due to optical or medial factors). 
This is certainly the case in patients who are hyper- 
thyroid or euthyroid, and, while in hypothyroid 
patients some conduction delay may occur as a result 
of their thyroid status, it should be remembered that 
this does not occur in every case and, even when it 
does, only slowly after a prolonged alteration in 
thyroid hormone level. 


The authors are indebted to Professor P Kendal-Taylor, Endocrine 
Unit, Royal Victona Infirmary, for kindly granting access to patients 
investigated in this study, and to Mrs Karen Seed, senior medical 
physics technicians, who skilfully ebeited a large proportion of the 
data 
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Central compaction in the process of lens growth as 
indicated by lamellar cataract 


NICHOLAS A P BROWN, JOHN M SPARROW, anno ANTHONY J BRON 


From the Nuffield Laboratory of Ophthalmology. Walton Street, Oxford OX2 6AW 


"summary The lens growth through life is the net result of surface accretion partially offset by 
central compaction. Compaction has previously been shown to affect the cortex. The present study 
examines compaction in the nucleus by measuring the change in dimensions of congenital lamellar 
cataract with time and by comparing the different dimensions of dominantly inherited lamellar 
cataract in individuals of different ages in the same family. Ij is now shown that compaction affects 
the nucleus at a decreasing rate with increasing age afd that the rate of compaction of lamellar 
cataracts is faster the greater diameter of the affected lamella. It is concluded that compaction of 
lens fibres towards the centre of the lens affects all regions of the cortex and nucleus in youth and 
that the compaction becomes largely or completely confined to the cortex in middle age and 
beyond. The shape of the lamellar cataract changes from a lenticular shape in youth to a rounded 
shape with increasing age. This accounts for the development of the peripheral divergence of the 
zones of discontinuity of the cortex, which allows the lens to remain emmetropic with increasing 
age in spite of changes in surface curvature. 


The lens grows at a steady rate through life'” by the 
process of surface accretion of new lens fibres offset 
by a central compaction of fibres towards the nucleus. 
An estimate of the compacting behaviour of the 
fibres in the cortex has previously been obtained by 
observing traumatic cataracts and glaucoma flecks.’ 
These opacities occur initially in the immediately 
subcapsular region and sink into the lens with time. 
The study showed that the opacities sink in at 
approximately twice the rate at which the lens is 
growing, which implies that compaction is occurring 
at half the rate of the surface accretion. The study did 
not show to what depth in the lens the compaction 
proceeds. Is it a phenomenon limited to the cortex, or 
does compaction proceed all the way to the centre of 
the lens, or to some point in between? Does age 
affect this process, with compaction going all the way 
to the lens centre in youth and perhaps ceasing at a 
more superficial level in old age? 

The present study examines congenital lamellar 
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Fig.2 The same subject as in Fig. 1 at the age of 14 

nuclear cataracts and their change with time in order 
to define how compaction affects the nucleus and to 
attempt to answer these questions. 


Materials and methods 


Subjects with congenital lamellar cataract (Figs. 1 
and 2) were included when they had at least two slit- 
image photographic examinations at an interval of 
five or more years. A second group of subjects (Figs. 





Familial congenital cataract in a subject aged 10 


Fig.3 
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Fig.4 


A subject in the same family as Fig. 3 aged 19 


3 and 4) were included in which only single observa- 
tions had been made in subjects who were members 
of a family with dominant congenital cataract. The 
inclusion of the familial group is justifiable if it can be 
presumed that the expression of the cataract was 
identical at birth in the separate individuals within 
each family. Some of the cataracts examined affected 
the complete nucleus and others only part of the 
central region of the nucleus. The extent of the 
nucleus affected in the familial group was the same in 
each individual in a particular family. 

The subjects were examined by slit-image photo- 
graphy and then measurements made from negatives 
by a previously described technique." The equatorial 
diameter and the sagittal width of the outermost 
affected lamella were measured. The measurements 
were corrected for camera magnifications but not for 
the magnification of the cornea or of the lens cortex. 
Two negatives were available for each eye in most 
cases, and the mean of the two measurements was 
taken. Left and right eyes of the same individual were 
found to behave in a very similar fashion and so the 
means of the left and right results were taken to 
illustrate the behaviour of the cataract in that indi- 
vidual (Figs. 5 and 6). (The averages were not used in 
the statistical analysis.) 

Satisfactory negatives for measurement were 
obtained of five individuals on separate occasions and 
of one individual with a third examination. Four 
families with individuals of different ages were 
measured. 
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Table1 Younger lenses versus older lenses, paired t tests 














Sagittal width Equatorial diameter 

Indiv Fam Both . Indiy Fam Both 
Mean younger 281mm 260mm 270mm 6-60 mm 5-04 mm 5-74 mm 
Moan older 2 66mm 1-98 mm 2-30 mm 618mm 3 66mm 480mm 
Mean age diff 86yr 14 8yr 11-9 yr 9 0yr 19-0 yr 14-7 yr 
Mean compachon per year 17pm 42 um 34pm 47 um 73pm 64um 
p Value 0-09 0 003 0 001 0-0005 0-001 0-001 


Key to table: Indiv=indrvidual patents, serial data, ens size when younger versus lens sze when older. Fam family groups, lens size of 
younger members versus lens size of older members p Valuecngnificance level of paired (test comparing groups 


Results 


CHANGES IN THE DIMENSIONS OF LAMELLAR 
CATARACTS WITH AGE 

The size differences between younger and older 
cataracts were examined statistically. Sagittal width 
and equatorial diameter were considered separately. 
The data from individual patients who had had two or 
more serial examinations were considered separately 
from those patients who were members of a family 
group. For serial examinations the initial cataract size 
was compared with subsequent cataract size in the 
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Fig.5 The change in equatorial diameter of lamellar 
cataracts with age. 


same eye. Within the family groups, where only one 
examination per patient had been performed, the 
younger members of the family were compared with 
the older members. Finally the two groups were 
combiged, with the individual patients and the family 
groups being considered together. The results of 
paired t tests between younger and older lenses are 
presented in Table 1. Apart from one group these 
results all showed a statistically significant reduction 
in cataract size at the 196 level. The exception was the 
group for serial measurement of the sagittal width of 
individual lenses over time. Although there was a 
trend towards a reduction in cataract size, this trend 
did not reach the 596 significance level. (This was the 
smallest group, and this fact may account for the 
statistically non-significant result.) These results 
confirm the impression that lamellar cataracts 
decrease in size over time. 


RELATIONSHIP BETWEEN SAGITTAL WIDTH AND 
EQUATORIAL DIAMETER 

A strong correlation existed between the sagittal 
width and the equatonal diameter of individual 
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Fig.6 The change in sagittal width of lamellar cataracts 
with age. 
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Fig.7 Correlation between sagittal widths and equatorial 
diameter of lamellar cataracts. 


lamellar cataracts. The linear correlation coefficient 
between these variables was 0-90, p<0-0001). The 
linear regression line for the data was described by 
the function Y«2-56x —0-75 (SD for slope and Y 
intercept are 0-24 and 0-13 respectively. This 
regression line (Fig. 7) did not pass through the 
origin, and this relationship indicates that, the 
smaller the cataract is, the less oval and more round is 
its shape on sagittal section. This fact has important 
consequences for the refractive power of the growing 
lens as a whole, as discussed below. 


RELATIONSHIP BETWEEN AGE OF PATIENT AND 
RATE OF CATARACT SHRINKAGE 

Polynomial regression analysis of mean age against 
the rate of compaction of cataracts revealed a trend 
of decreasing rate of compaction of cataract with 
increasing age. A summary of the regression analysis 
for first order (linear) and second order (quadratic) 
polynomials is presented in Table 2. The linear 


Table2 Polynomunal regression analysis of age versus rate 
of cataract shrinkage 








Sagutal width Equatoruel diameter 

Indiv Fam Both Indw Fam Both 
Linear corr 0-73 061 0-46 025 0 65 0-47 
Quad corr 080 O74 069 050 08 O71 


Key to table Indtveindrvidual patents, serial data. Fam=famuly 
groups Linear corr=hoear correlation coeffioent Quad corr» 
quadratic correlation coeffiaent 
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Table3  Polynominal regression analysis of initial cataract 
size versus rate of cataract shrinkage 








Segutal width Equatorsd diameter 

Indiv Fam Both Indw Fam Both 
Linear corr 088 063 O46 O58 075 048 
Quad corr 089 079 #061 078 O97 O72 


Key to table Indrv=indrvidual patients, serial data Fam» family 


regression lines all showed a typical trend of decreas- 
ing rate of cataract compaction with age. Examina- 
tion of the relevant sections of the quadratic 
regression functions revealed a trend of rapid 
compaction in youth, which decreased with increas- 
ing age, and then settled down to a constant rate of 
compaction in about the third decade of life. There 
was one exception to this described trend, but in this 
set of data the correlation coefficient was not good 
(r=0-50), and therefore the regression line may be 
unreliable. 


RELATIONSHIP BETWEEN INITIAL SIZE OF 
CATARACT AND RATE OF COMPACTION 
Polynomial regression analysis of initial cataract size 
against the rate of compaction of the cataract 
revealed a trend of decreasing rate of compaction of 
cataract with decreasing initial cataract size. A 
summary of the regression analysis for first order 
(linear) and second order (quadratic) polynomials is 
presented in Table 3. The linear regression lines all 
showed a typical trend of decreasing rate of cataract 
compaction for smaller initial cataract size. 
Examunation of the relevant sections of the quadratic 
regression functions revealed a trend of rapid com- 
paction for larger cataracts, which tailed off towards 
a constant rate of compaction as the initial cataract 
size became smaller. 


Discussion 


CHANGE IN LENS COMPACTION WITH AGE 

All individuals and families showed reduction in 
sagittal width and in equatorial diameter with 
increasing age. In some family groups the rate of 
reduction with age appears to be appreciably more 
rapid than in any of the individuals. This may be an 
artefact introduced by lack of identical genetic 
expression within each family at birth. 

'The rate of compaction of fibres is rapid in youth 
and decreases towards a constant slow compaction iri 
about the third decade. The rate of compaction is also 
rapid for the initially large sized cataracts, and this 
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Fig. 8 
peripheral divergence of the cortical zones of discontinuity. 


The lens of a 45-year-old normal subject showing 


slows as cataracts get smaller. Because the lamellar 
cataracts examined become smaller with increasing 


patient age (saggital width, linear correlation 
coefficient=0-83, ^ p<0-0001; and equatorial 
diameter, linear correlation | coefficient 0-81, 


p<0-0001), we can conclude that large lamellar 
cataracts are seen in young individuals, and that these 
rapidly compact down in youth to smaller slowly 
compacting cataracts in the older patients. From the 
previous study of initially subcapsular cataracts’ it 
was shown that cortical compaction was occurring in 
the lenses at all ages studied and that the rate of 
compaction was independent of the age of the 
individual. It was shown that the rate of compaction 
was faster the nearer the opacity was to the lens 
surface, and it was concluded that compaction was 
largely a cortical phenomenon. (We regard the 
nucleus as being the part of the adult lens which 
corresponds to that which comprised the whole of the 
lens at the time of the birth of the individual.) It can 
now be stated that compaction of lens fibres towards 
the centre of the lens affects all regions of the cortex 
and nucleus in youth and that the compaction 
becomes largely or completely confined to the cortex 
in middle age and beyond. 

These findings are compatible with what is known 
of the change in physical characteristics of the 
nucleus and cortex with age. Fisher" has shown that 
the elasticities of the lens cortex and nucleus change 
with age from a more deformable nucleus than cortex 
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Adult lens elements Child 


Fig. 9 


in youth, to a less deformable nucleus with age. It 
seems probable that the change in Young's modules 
of elasticity with age that Fisher measured affects the 
ability of the lens fibres to compact and can account 
for the present observations that rapid fibre com- 
paction affects the nucleus in youth and that this 
slows with age. Nordmann et al." showed that the 
dimensions of the nucleus increase with age, when 
the border of the nucleus is defined by the identifica- 
tion of the region of increased resistance to physical 
penetration of the lens. It is to be noted that the 
measurement of sagittal width of the nucleus by 
biomicroscopy' " and by slit-image photo- 
graphy’ shows it to increase very little with age 
and that lens growth is mainly cortical. Nordmann 
and colleagues, findings" of the apparent growth of 
the physically more resistant ‘nucleus’ with age are 
compatible with the present suggestion that the depth 
to which compaction proceeds becomes more super- 
ficial as the lens ages. 


CLINICAL SIGNIFICANCE 

The reduction in equatorial diameter with age of 
congenital lamellar cataracts should result in improv- 
ing vision in the affected children. This was sug- 
gested" from some early observations on congenital 
cataract. The reduction in diameter of lamellar 
cataracts with age is now confirmed, so it may be 
concluded that, in those cases in which mydriasis 
gives adequate vision in infancy, cataract extraction 
can be avoided. However, three families (not 
included in the present study) have been observed in 
which the cataract increases in size by the addition of 
new opaque lammellae superficial to the congenitally 
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formed opaque lamella. Thus continuing observation 
Is important. 


SHAPE OF NUCLEUS AND MAINTENANCE OF 
EMMETROPIA 

The tendency of the eye to maintain emmetropia, or 
m fact slightly increasing hypermetropia" " through 
life, in spite of continuing growth of the lens has 
remained a fascinating enigma This was con- 
veniently explained by earher workers," since 
Donders? described an increasing radius of curvature 
of the lens surfaces with age. Recent work demon- 
strates that the radius of curvature of the lens surfaces 
in fact become shorter with age." ? This increased 
curvature of the lens surfaces would be expected to 
cause myopia, which does not normally occur, and 
therefore it must be offset by changes in the Pay 
charactenstics within the lens. 

Our new data (regression line in Fig. 7) sho that 
the outer lamellae of the lens are more lenticular in 
shape than are the inner lamellae. We are thus 
witnessing two processes of shape change in the lens. 
Firstly, the whole lens is becoming rounder (less 
lenticular) with age, and secondly the lamellar shells 
are becoming rounder with topographical passage 
deeper into the lens. It is this second process which 
gives rise to the peripheral divergence of the zones of 
discontinuity of the cortex, which ıs well seen in the 
5th decade (Fig. 8). Duke-Elder,? who was not then 
aware of these changes in lens shape with age, 
proposed that the lens could be treated as three 
separate optical components: a biconvex nuclear 
element and two meniscus cortical elements (Fig. 9). 
The present study suggests that in terms of curvature 
the nucleus should become more positive with age. 
The cortex should become more negative with age, 
since the change in curvature is greater at the deep 
surface than it is at the outer surface (Fig. 9). 

Duke-Elder considered that the lens would have 
maximal refracting power when the greatest differ- 
ence in refractive index existed between the higher 
refractive index nucleus and the lower refractive 
index cortex and that such a lens would have greater 
refracting power than if it were a homogeneous 
structure of the higher of the two refractive indices. If 
the refractive indices of the nucleus and cortex 
remained unchanged with age, ıt might be expected 
that the increased curvature of the nucleus would 
more than offset the cortical negative change and 
induce myopia. It 1s thus necessary for the refractive 
index of the cortex to rise with age," but it cannot be 
assumed that the cortex is homogeneous in terms of 
refractive index, and it probably varies in the differ- 
ent zones of discontinuity. This seems highly prob- 
able, since the theory of light scatter in the normal 
lens relates scatter to refractive index.” 


543 


The individual cortical zones of discontinuity have 
already been considered to be separate iso-indicial 
surfaces.* Since these zones displaying peripheral 
divergence develop with age, they may be considered 
as individual negative lens elements when the 
refractive index of a particular zone exceeds that of 
the adjacent zones (Fig. 9). 

In conclusion, it appears that emmetropia 1n aging 
is maintained by a balance between increasing refrac- 
tive power of the lens due to increasing curvature of 
the lens surface and of the surface of the nucleus 
balanced by reducing refractive power due to an 
increasing refractive index in the cortex as a whole, 
and in individual peripherally divergent brightly 
scattering zones of discontinuity in the cortex in 


particular. 
Lens growth throughout life by the continued 


mitosis of the lens epithelial cells to form new lens 
fibres may be inevitable, because the lens is an 
epithelial structure, but is more likely to be purpose- 
ful to ensure that the lens is always surrounded by a 
layer of young metabolically active fibres. The lens 
then has the task of accommodating these new fibres 
without excessive increase in size and without 
inducing myopia. This is achieved most beautifully by 
central compaction of the lens fibres asymmetrically, 
leading to the nucleus becoming more spherical and 
to peripheral divergence of the cortical zones of 
discontinuity. 
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A morphometric study of endothelial cells of human 
corneas stored in MK media and warmed at 37°C 


DAVID S ROOTMAN, SYED M HASANY, AND PRASANTA K BASU 
From the Department of Ophthalmology, University of Toronto, Canada 


SUMMARY No study has yet been done to investigate the changes in endothelial cell size, 
perimeter, and density that may result from the warming of corneas in MK (McCarey-Kaufman) 
medium for specular microscopy. In the present investigation eye bank eyes were stored in MK 
medium at 4°C and rewarmed daily for six days at 37°C before specular photography of the 
endothelium was performed. These photographs were compared with wet mount preparations 
stained with trypan blue and alizarin red'mgde from the same corneas and those stored without 
rewarming for six days. In addition all corneas were qualitatively analysed with the scanning 
electron microscope (SEM). The data from serial specular photography were insufficient to allow 
significant conclusions to be drawn about day to day changes in cell morphology. However, analysis 
of wet mount preparations revealed that cell density and perimeter varied significantly between 
those corneas rewarmed daily and those held in cold storage for six days. SEM studies showed an 
intact cell monolayer with cell loss along the folds of corneal endothelium. We therefore concluded 
that repeated rewarming at 37°C of corneas stored in MK medium at 4° has a deleterious effect on 
cell morphology and that folds induced by swelling of corneal tissue result in endothelial cell 


damage with some loss. 


The morphological study of the corneal endothelial 
monolayer has been greatly facilitated by the advent 
of specular microscopy ' This has allowed for viewing 
of the living endothelium both in vivo? and in vitro.’ 
Initial studies looked at cells in terms of density,’ that 
is, cells per unit area. These density calculations did 
not always provide an accurate prediction of cell 
function. Consequently investigators have been 
looking at other parameters to quantitate cell size 
variability (polymegethism) and cell shape variability 
(pleomorphism).*" 

We wanted to answer a question that often wornes 
eye bank personnel: Do the characteristics of endo- 
thelial cells of corneas stored m the MK (McCarey- 
Kaufman) medium at 4°C change when corneas are 
briefly warmed at 37°C for specular microscopic 
examination? 

For the purpose of studying the variables of 
corneal endothelial cell density, mean cell area, and 
cell perimeter, chronological specular photographs 
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were compared with photographs taken of an endo- 
thelial wet mount preparation from the same cornea 
at the end of the storage period. 


Materials and methods 


Five pairs of human donor corneas were put in MK 
medium within 12 hours post mortem. One of each 
corneal pair was placed in MK medium tn a corneal 
viewing chamber (Product Research Organization 
(PRO) Inc., Tustin, California). This cornea (experi- 
mental cornea) was stored at 4°C, removed daily, and 
warmed at 37°C for one hour for six days. The 
endothelium was then photographed with the 
specular microscope (PROEB-I). Afterwards the 
cornea in the storage chamber was returned to cold 
storage. The other cornea of the pair acted as a 
control and was put in a vial of MK medium at 4°C 
continuously for six days. After six days of storage 
each cornea was removed and bisected. One half of 
the cornea was processed for scanning electron 
microscopy by the method described previously.' 
The other half was stained with trypan blue and 
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alizarin red*" with the endothelium being photo- 
graphed as a wet mount preparation. 

To count the cell density (cells per square mm), 
individual cell area, and cell perimeter all the photo- 
graphs of the wet mount photographs and calibration 
grid (0-01 mm) were magnified to 428 times. The cell 
boundaries in each photograph were enhanced 
manually with a felt tip marker. A quantitative 
morphometric analysis of the cells was done with an 
image analyser (Omnicon 3000 Bausch and Lomb, 
attached to a computer: Nova IV Data General), 
located at the Department of Mechanical Engineer- 
ing, University of Toronto. 


Results 


SPECULAR MICROSCOPY 

Good quality photographs were obtained when the 
cornea and its MK medium was warmed at 37°C for 1 
hour. Since the quality of specular photomicrographs 
varied daily at different sites of the same cornea, it 
was not possible to have data from all corneas 
suitable for statistical analysis. Table 1 shows the 
number of photographs available for each cornea on 
each day of observation. It was possible. however, by 
comparing the photographs on a daily basis to detect 
changes in endothelial cell shape and size. Figs. 1 and 





Fable | — Numberof specular photographs available on each 
day of observation 














Eve Bank Day 
number 
0 l 2 ; 4 5 6 
19053 3 l 1 2 2 
19059 2 2 I 2 3 
19075 2 2 a z 
19095 | : 1 
19103 2 6 2 
Table 2 
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Fig. | 
endothelium after one day of storage in MK medium at #°C. 
Corne& was warmed at 37°C for one hour. Note photograph 
shoWs some guttae. 


Specular photomicrograph of human corneal 


2show a qualitative comparison of specular images of 
similar areas of an experimental donor cornea photo- 
graphed after one and six days of storage. There is a 
more compact cellular structure in the corneal endo- 
thelium stored for | day (Fig. 1) than in the same 
corneal endothelium photographed after six days of 
storage (Fig. 2). 


LIGHT MICROSCOPY OF WET MOUNT 
PREPARATION 

The comparative data of the experimental and the 
control corneas in terms of changes in cell density, 
mean cell area, and perimeter are shown in Table 2. 
By means of the unpaired : test it was found that 
mean cell area and perimeter in the control corneas 
was significantly smaller in three out of five pairs than 
in the corresponding experimental corneas (Table 2). 
When the difference was analysed with the paired r 


Endothelial morphological analysis from wet mount photographs of corneas stored in MK medium at £C (controls) 


compared with corneas in MK medium that were rewarmed daily to 37°C for one hour (experimental) 











Donor Eyebank Sample No. of Mean cell Coefficient Cell Cell perimeter Coefficient 
number na cells area * SD of variation density *SD (um) of variation 
(um) ofcellarea — (mnr) of perimeter 
1 19054 Cont (136) 267+ 122 0-45 3738 64-2414 0-21 
19053 Expt (45) 369+118** 0-32 2710 74-9+ 12° 0-16 
2 19060 Cont (198) 201486 0-43 4955 $5-5+11 0-20 
19059 Expt (172) 222+ 108* 0-45 4489 58-7*13* 0-23 
3 19076 Cont (192) 205*81 0-39 4859 56:4*11 0-20 
19075 Expt (131) 222* 119 0-53 4504 59 +16 0-27 
4 19096 Cont (190) 212+ 105 0-49 4714 56:8*13 0-22 
19095 Expt (15) 209+ 100 0-47 4780 56-6413 0-23 
5 19104 Cont (221) 18081 O44 5527 52 +11 0-21 
19103 Expt (186) 212t114** 0:53 4714 56-3*16* 0-28 


—————————————————————————————————————— 


Significant values: *p«0-05; 


p<0-01. Cont. control. Expt. - experimental 
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test, it was found that mean cell area in thé total 
sample did not vary significantly (p>0-05), whereas 
the cell density and perimeter varied significantly 
(p<0-05 and (p<0-02 respectively) (Table 3). 


SCANNING ELECTRON MICROSCOPY 

It wasobserved that in both experimental and control 
corneas a monolayer of cells was present, though it 
tended to be damaged or absent in areas overlying 
folds (Fig. 3). In these areas cells had rounded and 
had lost continuity with their neighbours. This was 
also true of the cells along the folds in wet mount 
preparations (Fig. 4). In the wet mount preparations 
dead cells, indicated by darkly stained nuclei, were 
observed to lie in aggregates along a fold of corneal 





Fig.2 Specular photomicrograph 
of similar area of corneal 
endothelium as in Fig. I after six 
days of storage. The cornea was 
rewarmed daily at 37°C for one 
hour. Note the presence of larger 
cells and greater guttae than in 

Fig. I (control) 


endothelium (Fig. 4). In some areas exposed 
Descemet's membrane was observed staining red 
with the alizarin red. 


Discussion 


Specular microscopy of eye bank corneas is a tech- 
nique being utilised increasingly. Better storage 
chambers and microscopes have facilitated this 
increase. Difficulties with the systems still remain. It 
is not always possible to obtain good quality photo- 
micrographs even immediately on the eyes' arrival in 
the eye bank. It was found in our laboratory that 
image quality was poorer with storage greater than 48 
hours. This is in agreement with the observations of 


Fig.3 Scanning electron 
micrograph of human corneal 
endothelium stored in MK medium 
at 4*C for six days (control) 
Arrows show dying cells along the 
fold. 
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Fig.4 Photograph of human 

corneal endothelium stained with å 
trypan blue and alizarin red after 

storage in MK medium at 4C for 

six days (control). Arrows show the 

non-viable cells along the fold. 

Bar- 200 um. 


Nesburn et al," who reported similar problems in 
endothelial examinations by specular microscopy. 
However, it was observed that an increase of the 
incubation period at 37°C facilitated observation. In 
addition, while specular photography may have been 
quite poor, when corneas were later stained with 
alizarin red and trypan blue an intact endothelial 
monolayer was found to be present. Another 
problem with the specular microscope is that on any 
given day of observation it may be possible to 
photograph only 30-40 cells despite a thorough 
search of the entire cornea. This is due to the optical 
system of the specular microscope and concavity of 
the cornea. A low power objective lens may help in 
scanning the entire endothelial surface and alleviate 
this difficulty. This makes it difficult to know whether 
these few cells truly represent the entire monolayer. 
Moreover it is impossible to identify conclusively the 
same exact area in sequential observations. 

Because of these problems it was difficult to obtain 
sufficient data to analyse changes occurring on a day- 
to-day basis and to compare specular microscopy 


Table3 Pooled data from analysis of wet mount 
photographs from corneas stored in MK medium at 4C 
(control) and those rewarmed daily to 37°C for one hour 
daily (experimental) 





Mean cell Cell Cell 
area* SD density * SD perimeter* SD 
(um?) (mm) (um) 
ee SS i 
Cont. n=5 213432 4759+289 56-98 * 4:4 
Expt. n75 24668 4239+386 61-1 +7-8 
t=1-8 [i247 t=4-12 
4DF* p<0-01 peus p<0-02 


eee 


*DF=degrees of freedom 
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values with the wet mount preparations values. 
However, there is an indication from the specular 
photography in this study that cell area and perimeter 
of corneal endothelial cells increase with storage time 
(Figs. 1, 2). 

From the wet mount preparations it was also seen 
that, when all pairs of corneas were compared, there 
was no significant increase in mean cell area as a 
result of rewarming and storage. Cell density and 
perimeter did, however, vary at levels of significance 
of 5% and 2% respectively. Intraindividual variation 
amongst paired corneas varied significantly for mean 
cell area and perimeter in three out of five corneas. 

These results (Tables 2 and 3) suggest that rewarm- 
ing at 37°C of the experimental corneas (kept in MK 
medium at 4°C) had a deleterious effect on endo- 
thelial cell morphology. However, a larger sample is 
necessary to assess further whether mean cell area is 
affected, since in our study the mean cell area was not 
significantly different between the experimental and 
control groups when the data were pooled. 

Scanning electron microscopy served to illustrate 
that, even when specular microscopy may not image 
the endothelium of eye bank eyes in MK medium, 
viable cells are present. It also showed that cell death 
occurred along folds of corneal endothelium, The 
folds seen in SEM correlated well with folds seen on 
the wet mount preparations (Figs. 3 and 4). The folds 
may be created by imbibition of water by the stored 
cornea stroma. This suggests that methods of storage 
which result in greater swelling of stored tissue 
may induce more damage to endothelial cells, and, 
conversely, those methods which reduce tissue 
swelling may be beneficial in reducing endothelial 
disruption during storage. Moreover surgical tech- 
niques that reduce bending and folding of corneal 
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tissue may result in less endothelial cell loss and a 
more favourable surgical qutcome.” ~ 
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Lamellar macular hole associated with idiopathic 


juxtafoveolar telangiectasia 


B PATEL“ J DUVALL, 


AND A B TULLO' 


From 'Moorields Eye Hospital, City Road, London EC; the? Department of Ophthalmology, University of 
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SUMMARY A case of juxtafoveolar telangiectasia complicated by lamellar, retinal hole is reported 
and the pathogenesis discussed. This association is not commonly recognised. 


Idiopathic juxtafoveolar telangiectasia is a relatively 
rare condition predominantly affecting adult males.' 
Visual disturbance in retinal telangiectasia is usually 
due to vascular leakage, with intraretinal oedema 
and exudate accummulation and later cystic 
degeneration.' Subretinal neovascularisation with a 
disciform response may also contribute to a poor 
visual outcome. In this report we describe a case of 
unilateral idiopathic juxtafoveolar telangiectasia 
with central visual loss due to a lamellar macular 
hole. 


Case report 


A 37-year-old Caucasian was found in the course of a 
routine eye test to have a central visual acuity of 6/18 
in the left eye. The visual acuity in the right eye was 
6/5. Both anterior segments were normal, as was the 
right fundus. There was an incomplete ring of 
circinate exudate round the left fovea, with a lamellar 
hole at the fovea (Fig. 1). 

The patient was in good general health and in 
particular was not diabetic or hypertensive. An oral 
glucose tolerance test was normal. There was no 
history of ocular trauma, inflammation, or vascular 
disease. 

Fluorescein angiography showed a cluster of 
telangiectatic vessels at the centre of the exudate, and 
a smaller area of telangiectatic vessels infero- 
temporal to the lamellar hole (Fig. 2). There were 
widespread but discontinuous areas of telangiectatic 
vessels in all peripheral quadrants. The larger area of 
abnormal vessels was treated with argon laser, which 
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brought about a significant diminution of hyper- 
fluorescence on angiography but had no effect on the 
exudate or the visual acuity over the five-month 
follow-up period. 


Discussion 


The term idiopathic retinal telangiectasia was pro- 
posed by Reese’ to define a spectrum of congenital 
vascular anomalies which includes Coats’ disease. 
Leber's miliary aneurysms, and  juxtafoveolar 
telangiectasia. These are to be distinguished from 
secondary forms of telangiectasia associated with 
branch vein occlusion, diabetes mellitus, sickle cell 
retinopathy, carotid artery occlusion, and radiation 
retinopathy. 





Fig.1 


Fundus photograph showing lamellar macular hole 
with circinate exudate. 
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Fig.2 Fluorescein angiogram showing two areas of * 
vascular telangiectasis, one superonasal and the other 
inferotemporal to the fovea. 


Gass and Oyakawa' reported the findings in a 
Series of 27 cases of idiopathic juxtafoveolar 
telangiectasia and classified the condition into four 
groups. The first group, into which our patient 
loosely fits, comprised eight males and was character- 
ised by uniocular involvement, with telangiectasia 
confined to the temporal half of the macula, 
symmetrically distributed above and below the 
horizontal raphe. Visual loss was a consequence of 
macular oedema. In the other three groups both eyes 
were affected, and the cause of visual loss was 
subretinal neovascularisation as well as macular 
oedema. In the series there were no cases with 
macular hole in group 1, but in the other groups there 
was one patient who developed a macular hole and 
one case of retinal thinning. In a series of 46 cases 
reported recently by Casswell and colleagues‘ no 
macular holes were seen. 

We are aware of only two other case reports of 
macular hole associated with retinal telangiectasia. 
One of these is in a case of Coats’ disease’ and the 
other in a histopathological review of macular holes.” 

Macular holes most commonly occur as a sequel to 
macular oedema.*" We are surprised that they have 
not been more frequently found in association with 
telangiectatic lesions, since it appears beyond dispute 
that leakage from the abnormal vessels causes intra- 
retinal oedema. This might be expected to induce 
local destruction of the retina with the formation of 
cysts and ultimately holes. 

We could speculate that in unilateral idiopathic 
retinal telangiectasia the lesion is largely limited to 
the locally involved vessels, whereas in other forms of 
macular oedema the retina itself is affected by a more 


widespread circulatory or haemodynamic abnor- 
mality giving rise to the oedema. In the latter case 
there may be less resistance from compromised 
tissues to intraretinal fluid destroying adjacent 
structures, forming cysts and ultimately holes. In 
unilateral cases with no widespread defect the more 
healthy adjacent areas of retina may maintain their 
architecture in the presence of oedema fluid. Both 
the case showing the macular hole and that showing 
retinal thinning in the series were in the bilateral 
groups. 

Only in bilateral cases in the series of Gass and 
Oyakawa' was subretinal neovascularisation or a 
disciform response seen. This may be interpreted as 
an indication of more generalised retinal disturb- 
ance, probably of ischaemic nature, rather than the 
localised vascular malformation of unilateral cases. 
Our hypothesis fits with the findings recently 
reported by Casswell er al.* who suggest that 
unilateral disease is indicative of a vascular abnor- 
mality, whereas bilateral disease may indicate a 
pigment epithelial defect. 

Recently it has been reported that abnormalities of 
glucose tolerance may be found in cases previously 
diagnosed as idiopathic juxtafoveal telangiectasia.* 
Among 28 patients five out of eight bilateral cases 
had abnormal glucose tolerance, while only six out of 
17 unilateral cases showed any abnormality. These 
results give some support to the hypothesis that 
bilateral disease occurs in relation to a widespread 
metabolic disturbance in the retina, whereas 
unilateral cases represent a local and truly vascular 
defect. 

We would then expect macular holes to occur more 
frequently in association with secondary retinal 
telangiectasis. This hypothesis will be investigated. 
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Acquired Brown's syndrome in a patient with 
combined lichen sclerosus et atrophicus and morphoea 
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SUMMARY A 49-year-old woman with generalised lichen sclerosus et atrophicus and morphoea 
developed bilateral Brown's syndrome. Some of the skin lesions were in the vicinity of the trochlea. 
A characteristic feature of morphoea is subcutaneous fibrosis, so we postulate that the cause of the 
Brown's syndrome was mechanical tethering of the superior oblique tendon by deep subdermal 
fibrosis. Histopathological diagnosis was made from biopsies of similar lesions on the patient's 


face. 


In 1950 H W Brown! first published his series of seven 
cases with the following clinical features: slight 
downdrift of the affected eye on adduction; limita- 
tion of elevation on adduction; widening of the 
palpebral fissure on adduction; no overaction of the 
ipsilateral superior oblique; V exo pattern; positive 
traction test. 

He suggested that this syndrome was due to 
congenital paralysis of the inferior oblique muscle 
resulting in a short anterior superior oblique tendon 
sheath. In a further publication’ he divided his cases 
of superior oblique tendon sheath syndrome into two 
types—true and simulated cases. The true cases were 
those with a congenitally short anterior sheath of 
the superior oblique tendon. These patients had a 
positive traction test. The simulated cases were all 
others, either congenital or acquired The congenital 
simulated cases were postulated to have a thick 
posterior tendon or firm attachment of the posterior 
sheath to the tendon. The acquired cases were of 
inflammatory origin. 

In 1975 Parks and M Brown! reviewed the theones 
of true Brown's syndrome and were unable to 
demonstrate H W Brown's findings of a short 
anterior sheath except in two of the 24 patients in 
whom they had surgically explored the orbit. They 
suggested that the usual cause of Brown's syndrome 
was a restrictive connective tissue band situated 
posteriorly and inferiorly to the globe. In 1977 Parks' 
suggested that Brown's syndrome was due to a taut 
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tendon for which tenectomy was effective treatment 
and remarked that the superior oblique tendon did 
not have a sheath, but that the antenor half of the 
tendon actually penetrated Tenon's capsule, to which 
it was attached by an elastic connective tissue sleeve. 

Whereas true Brown's syndrome, which often 
resolves spontaneously or can be treated surgically, 
has a limited number of causes, acquired Brown's 
syndrome is a diverse group that is often difficult to 
treat, particularly if the syndrome is caused by 
trauma. Acquired Brown's syndrome occurs rarely 
and usually in an older age group than true Brown's 
syndrome of childhood.'? Non-traumatic inflamma- 
tory causes of acquired Brown's syndrome have been 
reported to include frontal sinusitis rheumatoid 
arthritis,** and juvenile: chronic arthritis." No 
obvious cause may be found in some cases." 
Traumatic causes are either surgical (following 
frontal sinus surgery" or a superior oblique tuck") or 
more commonly non-surgical," when a sharp instru- 
ment enters the upper nasal quadrant of the orbit. 
Occasional cases have been reported as having other 
more unusual causes such as a secondary deposit in 
the orbit from a primary carcinoma of the prostate." 

The present case report descnbes an additional 
cause of acquired Brown's syndrome—combined 
lichen sclerosus et atrophicus and morphoea. An 
understanding of the histological changes in this skin 
condition indicates one mechanism for the diplopia in 
some cases of acquired Brown's syndrome and 
thereby provides a rational basis for the management 
of the ophthalmic problems in such cases. 
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Acquired Brown's syndrome in a patient with combined lichen sclerosus et atrophicus and morphoea 


Case history 


A 49-year-old woman with a clinical and histological 
diagnosis of lichen sclerosis et atrophicus and 
morphoea was referred from the dermatology clinic 
in August 1984 because of increasing diplopia. She 
had first noticed double vision 12 months previously. 
This had become increasingly noticeable, particu- 
larly on looking up and to the left. 

One month after the onset of diplopia the patient 
developed discrete firm white plaques round the right 
eye extending on to the forehead. Similar plaques 
became apparent round the left eye. She noticed a 
bullous lesion on her hip and a large skin lesion 
on her neck, for which she sought the advice of a 
dermatologist. A biopsy was taken from the bullous 
lesion on her right hip, and histological gxamination 
indicated a diagnosis of morphoea. | 

Within a few months she also developed patches of 
scaly depigmentation on her right cheek and on the 
front of her neck, with a larger area affecting her 
forehead in an ‘en coup de sabre’ distribution (Figs. 
1A, B). This lesion extended to the midline of the 
forehead, up into the scalp, where there was associ- 





Fig. 1A 


553 


ated frontal alopoecia, and down over the supero- 
nasal quadrant of the orbit to the lid margin nasally 
with associated loss of cilia and supracilia. There was 
a thickened area of skin over the region of the right 
trochlea and the right interpalpebral fissure was 
narrowed by 1-5 mm in comparison with that on the 
left. The discrete lesions over the left brow and 
superonasal orbit became more noticeable with time. 
Later two further biopsies from her cheek and 
forehead showed combined lichen sclerosus et 
atrophicus and morphoea. 

She had a corrected visual acuity of 6/4 in each eye 
and had a compensatory head posture consisting of 
chin elevation and a small head turn to the left, with 
which she avoided diplopia in the primary position. 
She had an exotropia in elevation and an exophoria in 
the primary position when wearing glasses. There 
was slight underaction of her right eye on laevo- 
elevation and minimal underaction of her left eye on 
dextro-elevation (Fig. 2). Her diplopia was most 
marked on laevo-elevation. No click was heard or felt 
over either trochlea. The Hess chart (Fig. 3A) was 
consistent with a bilateral Brown's syndrome, more 
marked on the right than the left. In the right eye a 
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Figs. 1A,B Distribution of plaques and en coup de sabre lesion of lichen sclerosis et atrophicus. These lie over the region of 


the trochleae on both sides. 
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Fig.2 Nine positions of gaze showing bilateral Brown's syndrome 
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the apparent underaction of the vert 
inferior oblique muscles and Fie. 3A 

overaction of the superior oblique d 
muscles of the bilateral Brown's 
syndrome. August 1984. B: Hess 
chart shows slight worsening six 
months later. 
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forced duction test confirmed marked limitation of 
elevation on adduction and slight limitation of eleva- 
tion in abduction. In the left eye there was slight 
limitation of elevation in adduction. During the 
following six months new skin lesions became 
apparent and existing skin lesions progressed. The 
diplopia on elevation became more noticeable (Fig. 
3B). She continues to be followed up and there have 
been no further changes of her acquired Brown's 
syndrome. 


HISTOPATHOLOGY 

A punch biopsy of the bullous lesion on her right hip 
had shown haemorrhagic subepidermal bullae, a 
perivascular chronic inflammatory cell infiltrate, and 
periadenexal inflammation with thickening of dermal 
collagen which was of a hyaline appearance. These 
features indicated a histological diagnosis of 
morphoea. 

Two further skin biopsies were examined: one 
from the forehead at the margin of the largest (en 
coup de sabre) lesion and one from a small lesion on 
the right cheek. Both biopsies were similar in appear- 
ance in histological sections (Fig. 4). The epidermis 
was atrophic and separated from the reticular dermis 
by an area of oedema within the collagen. There was 
no evidence of liquefaction of the basal layer of the 
epidermis. Follicular plugging was observed, and 
there was fibrosis of the dermis extending into the 
subdermal fat. A perivascular acute and chronic 
inflammatory cell infiltrate was seen; particularly in 
the deeper layers of the dermis. Although there was 
follicular plugging, the distribution of the inflamma- 


Fig.4 Skinbiopsy from forehead. 
At low magnification there is 
apparent distension of hair follicles 
by plugs of keratin (arrow) and 
extension of dermal collagen into 
subcutaneous fat. At higher | 
magnification (inset) the epidermis 
can be seen to be atrophic without 
showing degeneration of the basal 
layers, and there is oedema and 
flattening of the papillary dermis. 
The appearances indicate combined 
morphoea and lichen sclerosis et 
atrophicus. H and E, x 17 (inset, 

H and E, x67). 


tory infiltrate was not consistent with discoid lupus 
erythematosus. The deep extension of fibrosis, com- 
bined with epidermal atrophy, follicular plugging, 
and oedema of the papillary dermis indicates a 
histological diagnosis of combined lichen sclerosis et 
atrophicus and morphoea. 


Discussion 


In this case of bilateral acquired Brown's syndrome 
the diplopia preceded the manifestation of the skin 
lesions and increased in severity as the skin lesions 
grew in extent. In morphoea the fibrosis is believed to 
start in the lower dermis,” which supports the view 
that the diplopia was caused by morphoea of the 
overlying skin. 

Ophthalmic problems previously reported to be 
associated with morphoea are many and various. 
They include loss of cilia and supracilia, tarsal 
atrophy, iritis, iridopalpebral atrophy," unilateral 
glaucoma," heterochromia," atrophy of skin and 
muscle including extraocular muscle occurring with 
en coup de sabre lesion,"" perilimbal vascular 
anomaly,” corneal opacity and fundal changes.” This 
patient had loss of cilia and supracilia, raised intra- 
ocular pressures, and episcleritis as complications of 
her morphoea in addition to Brown's syndrome. 

Lichen sclerosus et atrophicus has been described 
as occurring on the eyelid,” producing lid notching 
and ectropion." Combined lichen sclerosus et 
atrophicus and morphoea is rare?" and is thought to 
be a manifestation of the same disease process; it 
tends to behave as morphoea alone and is usually 
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self-limiting or gradually progressive; with no treat- 
ment is effective. 

The histopathology of skin lesions on the face, 
chnically similar to those overlying the trochleae, 
showed the infiltration of deep fibrosis into the 
subdermal fat which is part of the morphoea com- 
ponent of the combined skin disease. We postulate 
that bands of fibrosis extended into the perisheath 
region round the trochiea and mechanically limited 
the passive movement of the superior oblique tendon 
in elevation in adduction. 

The function of the trochlea has been studied by 
various authors.** Helveston et al.* have shown 
from light and electron microscopical examination of 
eight specimens of trochlea that the tendon is 
separated from the trochlea by an encircling vascular 
layer and an outer thin bursa-like space The tendon 
is composed of parallel fibres with low adhesion to 
each other along their length, so that movement 
through the trochlea occurs by differential sliding of 
the fibres in a telescoping fashion, with only the 
central fibres completing the whole excursion. Excess 
fluid in this bursa or distension of the vascular sheath 
is postulated to restrict movement through the 
trochlea, causing an acquired Brown's syndrome 
which may be associated with a click 

Sevel” demonstrated from 54 embryological and 
fetal specimens the existence of fine trabeculae 
between the tendon and the trochlea, the persistence 
of which into adulthood may prevent this sliding 
movement and limit the excursions of the tendon in 
the congenital form of Brown's syndrome. 

Koorneef? considered that the orbital connective 
tissue and the extraocular muscles functioned as a 
single anatomical entity. He has demonstrated from 
histological thick sections of the orbit that the 
superior oblique tendon has many connective tissue 
bands with the medial aponeurosis of the levator 
muscle and also large numbers of septa passing to the 
globe along the course of the tendon from the 
trochlea to the posterior surface of the eye. Accord- 
ingly, it is not surprising that perisheath scarring in 
the medial upper quadrant should mechanically limit 
passive movement of the superior oblique tendon to 
produce a Brown’s syndrome. 

Repeated peritrochlear steroid injections have 
been reported by Beck and Hickling” to be effective 
in cases of Brown's syndrome occurnng with 
rheumatoid arthritis and in acquired cases presumed 
to be due to acute stenosing tenosynovitis.? 
Peritrochlear injection of steroids was not carried out 
in this case, as morphoea rarely responds to local 
infiltration of steroids or systemic treatment. This 15 
probably because there is already established fibrosis 
in the deep dermis by the time the skin lesions have 
appeared. In addition this patient was able to avoid 
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troublesome diplopia by adopting a tolerable 
compensatory head posture. 

This case shows that morphoea of the periorbital 
skin should be added to the list of causes of acquired 
Brown's syndrome. 


We thank Mr Paul Mills for allowing us to report this case and Alison 
Furth (Orthoptc clmical teacher UHW) for her help, Karen 
Johnstone (MEH) for the drawings and the Medical Illustration 
department at UHW for the photographs 
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Irradiation and choroidal 
melanoma 


Sm, In their paper questioning whether irradiation is a 
justifiable treatment for choroidal melanomas Manschot 
and van Strik! base their conclusions on a thesis that has 
some major internal inconsstencies. They claim that dis- 
semination of choroidal melanoma generally occurs after 
the tumour has grown to 7 mm or larger, that doubling times 
of uveal melanomas vary from 30 to 365 days, that death 
from metastasis occurs 30—40 doubling tmes after dissemi- 
nation, and that tumour related deaths within three years 
after therapy are caused by pre-existing metastases. This isa 
reiteration of the views expounded a few years earlier by 
Manschot and van Peperzeel ? 

In his Bowman lecture of 1980 Zummerman pointed out 
why those concepts could not be logically used to advocate 
the need for early enucleation.? Using their own views 
concerning the similarly slow growth rates of the primary 
and metastatic tumours and their own postulates, formulas, 
and tumour doubling times, some calculatons were made 
and published as Table II. Reference to that table (repro- 
duced here) shows that various combinations of data that 
would explain the peak occurrence of tumour deaths from 
melanomas measuring 15 mm in diameter within the first 
four postoperative years would require either that the 
tumours metastasised before they reached 4 mm in 
diameter, or that the primary tumours grew with such 
unrealistic rapidity as to give doubling times of 20-25 days. 
For the same reasons Manschot and van Stnk cannot use 
their concepts to account for the data they presented in their 
Table 1, indicating no mortality in tumours less than 7 mm in 
diameter 


If, therefore, Manschot and van Strik insist that all 
tumour deaths occuring within three years after therapy 
are the result of dissemination prior to treatment, then they 
must acknowledge that such dissemination must have begun 
before the tumours had become symptomatic. Qute ' 
obviously, uf that were the case, any debate concerning 
whether treatment should be by enucleation or irradiation 
would be irrelevant 

Let us make it clear that these calculations showing that 
dissemination must have begun when the tumours were 
minuscule were based enürely on the Manschot—van 
Peperzeel model, which again provides the basis for the 
most recent article by Manschot and van Stnk.’ Obviously 
the model must be flawed and is dearly non-applicable, 
because early dissemination from tiny tumours ıs incon- 
sistent with the generally accepted observation that deaths 
from metastasis are rare when tumours are treated before 
they have grown larger than 7 mm, as they indicated in their 
Table. 

M t and van Stnk then go on to insist that survival 
rates for less than four years after therapy are irrelevant in 
evaluating the efficacy of therapeutic regimens, and that our 
attention should be focused on survival rates of 10 years or 
more We on the other hand are much more concerned 
about the fact that the greatest mortality occurs during the 
first several years after enucleation. The overall 15-year 
mortality 1s about 45% after enucleation, but two-thirds of 
these tumour deaths are within the first five years, with the 
peak occurring during the second year. Postenucleation 
mortality patterns remarkably similar to ours that were 
derived from cases treated ın the USA have been reported 
by Benjamin et al.* from London and by Jensen from tbe 
Danish Registry.*? 

This curious mortality pattern, which Manschot and his 
colleagues have been unable to explain satisfactorily and 
which they recommend that we neglect by focusing our 
attention on tumour death rates after 10-15 years 1s in our 


TabieII* Implications of Manschot and van Peperzeel's model based on a melanoma measuring 15 mm at time of 
enucleation and 36 doubling umes (Tds) from inital metastasis to death 











Value Years from Tds from Tds from Years from Size of uveal melanoma 
of Td enucteation enucleation wrattal metastasis muhal metesterss when metastasis 
{days) to death to death* to enucleation* to enucleation began (mm) 
200 2 3 33 18 « 001 

200 4 7 29 16 00 

200 215 29 7 4 «35 

100 2 7 29 8 «00 

100 4 15 21 6 012 

100 8 30 16 4 38 

50 2 14 22 3 <12 

50 4 30 6 «1 38 

50 45 33 6 «05 7.5 

25 2 29 7 <05 «375 

25 225 33 3 02 75 

25 25 36 0 0 15 

20 1 18 18 1 024 

20 15 28 8 05 <25 

20 2 36 0 0 15 

*From Zimmerman ? 


Example. A patient died m the 2nd year after enucleation If the doubling trme for his tumour had been 100 days (Row 4), metasteszs must 
have occurred when the primary was less than (2mm m diameter Row 4 also shows the elapsed interval from metastasis to enucleahon 


would have been 29 doubling times, or 8 years 
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view the major problem It has been the broad experience of 
ophthalmologists, pathologists, and epidemiologists that 
deaths from untreated uveal melanomas are most unusual. 
Yet within the first few years after enucleation an appreci- 
able mortality develops; then 6—7 years after enucleation 
the slope of the survival curve flattens out to an annual death 
rate of about 1-296. 

Dunng the past two decades there has been a significant 
change in attitude concerning the management of uveal 
melanomas. Once conmsdered to be lesions demanding 
enucleation as soon as possible after diagnosis, melanomas 
are now often left untreated until there is documentation 
that the tumour is growing and producing significant 
pathological effects on the eye Manschot and others have 
feared that this change in attitude would significantly 
increase the tumour death rate, but to date there has been 
no documentation that this has occurred. Returning to the 
mortality pattern previously described, 1f as Manschot and 
his colleagues would have us believe, all ur deaths 
within three years of treatment are the result o Rina. 
` tion that began before treatment, then we would expes to 
sec a similar mortality pattern among patients whose 
tumours were not diagnosed and treated promptly after 
they became symptomatic. We have been collecting cases of 
this type, but have not observed a similar peaking of 
mortahty during the first few years after the untreated 
tumours became symptomatic 

LORENZ E ZIMMERMAN 


IAN W MCLEAN 
Department of Ophthalmic Pathology, 
Armed Forces Institute of Pathology, 
Washington, DC, USA 
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Sm, Thank you for allowing us the opportunity to reply to 
the letter by Drs Zimmerman and McLean. It is disappoint- 
ing that this letter does not address the subject matter of our 
paper on irradiation of ocular melanoma.’ Their letter is a 
reiteration by the same correspondants of a similar submis- 
sion some eight years ago to another leading journal,? in 
which they critycised a paper by one of us (WAM) and H A 
van Peperzecl ? It is probably for this reason that the 1988 
letter does not ate any publications after 1980, apart from 
McLean et al. 1982. 

Take the serious points in order: 

Paragraph 1 ('Sir, in ... diameter) Zimmerman and 
McLean refer to a Bowman lecture* in which Zimmerman 
argued that our concepts could not be used logically to 
advocate the need for early enucleation. The correspond- 
ents have failed since 1980—also in the 1980 Bowman 
lecture—to substantiate by decisive arguments that our 
concepts cannot be used to advocate early enucleation as 
the only justifiable treatment of choroidal melanoma. They 
never received any support for their opinion, but have, on 
the contrary, been contested themselves by especially those 
authors who have published calculated doubling times of 
choroidal melanomas.** Zimmerman and McLean have 
ignored in their text our reply! to their eight-year-old letter 
and have neglected the paper by Seagel et al ," who clearly 
demonstrated the pattern of a peak mortality in the early 
years after diagnoms ın all tumour types studied. According 
to these authors there was no relationship between the 
increased risk of death after enucleation and the enuclea- 
tion, which had also been emphasised in our paper ? 

Paragraph 2 (‘If, therefore,. .irrelevant "). We certainly 
sist that practically all tumour deaths occurring within 
three years after therapy are the result of dissemination 
pror to treatment, and that dissemination must have begun 
before the tumours had become symptomatic in those cases 
in which no prolonged patient's or doctor's delay had 
occurred. We find it hard to accept the statement made by 
Zimmerman and McLean: ‘Quite obviously, 1f that were the 
case, any debate concerning whether treatment should be 
enucleation or irradiation would be irrelevant" Enucleation 
of all eyes harbouring a melanoma of any size saves about 
50% of these patients from tumour death Today 
melanomas are generally detected at a much earlier stage 
than in former years, and the 10-year survival of 50% has 
been considerably improved in the meantime. The debate is 
far from irrelevant, because Zimmerman and McLean 
imply that irradiated melanomas cannot disseminate after 
treatment Since fewer than 50% of melanomas studied 
microscopically after irradiation showed necrosis and 94% 
contained viable tumour tissue,’ it seems inevitable that 
some of the irradiated tumours will continue to shed tumour 
cell emboli. 

Paragraph 3 (‘Letus . Table 1"): Our model should be 
‘obviously clearly non-applicable, because .. deaths from 
metastases are rare when tumours are treated before they 
have grown larger than 7 mm’ There is no acknowledgment 
that one of us (WAM) was the first to emphasise'™ the 
cntical importance of tumour suze in small melanomas in 
prognosis Analysis of two reports!” on the survival of 
patients with small enucleated melanomas in the <7 mm 
and the <10 mm diameter groups revealed that the tumour 
death rate in the two studies of 7-10 mm tumours was about 
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35% and 4096 compared with nil % in the «7 mm groups. 
The authors of these two reports" calculated 22-7% and 
14-396 in the «10 mm groups, because they had not 
specially determined the death rates in the 7—10 mm 
groups. Our model is, contrary to the opinion of 
Zimmerman et al., fully applicable to the high tumour- 
related death rates in the 7-10 mm group, because only a 
very small percentage of melanomas are enucleated before 
they have grown larger than 7 mm and because calculated 
doubling times of 36 out of 39 uveal melanomas’*°4 
appeared to vary from 60 to 540 days" or even 900 days.* 

Paragraph 4 (‘Manschot Danısh registry’): 
Zimmerman and McLean cnticise our emphasis on survival 
data based on a 10-year follow-up. It has been emphasised 
above that the calculated doubling time of 36 out of 39 uveal 
melanomas was more than 60 days. Death by metastasis 
occurs 35—40 doubling times after dissemination ? Thus we 
know that even survival rates up to more than six years after 
treatment (35x60 days=6-1 years) will be irrelevant in 
evaluating or comparnng the efficacy of therapeutic 
regimens, because more than 90% of metastatic deaths 
must be due to dissemination prior to treatment. 

Paragraph 5 (‘This curious . 1-2%’): This cunous 
pattern of peak mortality has been repeatedly and exhaust- 
ively explained by us'? and others. We regret that 
Zammerman and McLean find these explanations unsatis- 
factory, but we are consoled by the absence of any accurate 
basis for their criucism. We also have never recommended 
that this curious pattern be ignored, but have stressed that it 
must be accepted.? § The major problem which Zimmerman 
and McLean refer to in this paragraph would have been 
solved had they ated recent literature on doubling 
times.*? ^ We are further perplexed, however, to read the 
unsubstantiated statement that ‘It has been the \broad 
experience of ophthalmologists, pathologists, and epidemi- 
ologists [all anonymous] that deaths from untreated uyeal 
melanomas are most unusual’ It is noteworthy t 
Zimmerman and McLean had reported in 1979 that they 
had collected 80 proved cases in which untreated uveal 
melanomas had metastasised They then also acknowledged 
that much pertinent information ts lost, because the cases 
usually do not come to the attention of ophthalmologists or 
ophthalmic pathologists. 

Paragraph 6 (‘During .. symptomatic’): For more than 
15 years, irradiation of uveal melanomas has been a regular 
practice in many clinics in the USA and m Europe. So far 
only one clinic has reported survival rates and the functional 
results in all the treated patients after a mean follow-up 
period of 10 years ” Survival figures for 27 patients treated 
by enucleation were compared with those of 21 patients who 
had been treated with cobalt-60 episcleral plaques in the 
same penod. Of the enucleated patients 22% had died from 
metastases against 57% of the irradiated patients. The 
median survival after enucleation was 10 years, after 
irradiation it was 3-8 years. No other clinics have published 
the survival figures for all the treated cases for a follow-up 
period of 10 years or more. We are apprehensive that the 
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ophthalmological community will have to wait for a long 
time before definitive 10-year survival statistics for all 
patients treated by irradiation are made available by the 
majority of the radio-oncology clinics A collection of 
anonymous, non-specified cases, as mentioned in the last 
sentence of the letter by Zimmerman ef al., 15 not very 
helpful to convince doubting colleagues 

W A MANSCHOT! 

R VAN STRIK? 

"Institute of Pathology, 
Institute of Biostatistics, 
Erasmus University, Rotterdam 
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Effect of single-dose invermectin therapy on human 
Onchocerca volvulus infection with onchocercal ocular 
involvement 


HENRY S NEWLAND,' ALBERT T WHITE; BRUCH M GREENE,’ 
SALVATORE A D'ANNA,' EZATOLLAH KEYVAN-LARIJANI, 
MOHAMMED A AZIZ; P NOEL WILLIAMS, anno HUGH R TAYLOR! 


From the 'Ocular Onchocerciasis Research Unit, International Centre for Epidemiologic and Preventive 
Ophthalmology, the Wilmer Institute, Johns Hopkins University, Baltimore, Maryland; the?Division of 
Geographic Medicine, Department of Medicine, Case Western Reserve University and University Hospitals, 
Cleveland, Ohio; Merck, Sharp and Dohme Research Laboratories; Rahway, New Jersey, USA; and Uniroyal 
Liberian Agricultural Company, Grand Bassa County, Liberia 


- SUMMARY Ivermectin has shown promise as a potentially safe and effective microfilaricidal drug 
for the treatment of onchocerciasis. Several limited studies have shown it to have fewer side effects, 
especially ocular complications, than the currently available drug, diethylcarbamazine. The 
detailed ocular findings in 200 moderately to heavily infected Libenans who were enrolled in a 
safety and dose-finding study are presented. They received either 0, 100, 150, or 200 ug/kg of 
ivermectin and were followed up for 12 months. In clinical studies so far carried out ivermectin in a 
dose of 100, 150, or 200 ug/kg has not been associated with any major adverse reactions nor were 
there any sight-threatening effects even in the presence of severe ocular disease. Each of these 
doses significantly reduced the ocular microfilaria load for at least 12 months when compared with 
either the placebo (p<0-05) or pretreatment values (p« 0-001). However, the 100 and 150 ug/kg 
doses caused fewer minor side effects than the higher dose. These results confirm that ivermectin in 
a single oral dose may be a safe and effective microfilaricidal drug for the treatment of 
onchocerciasis and that it appears to be free of major ocular side effects. 


> 


No appropriate treatment is available for widespread DEC and has fewer ocular complications in the 
- use against onchocerciasis. The two drugs used, studies conducted so far.'? 

diethylcarbamazine (DEC) and suramin, are associ- Studies of invermectin treatment in man that have 
ated with severe systemic and ocular side effects. The been reported so far are limited to fewer than 100 
ocular side effects of DEC are well known and patients, most of whom had either relatively mild 
include permanent sight-threatening changes and disease or incomplete follow-up. We report here the 
sometimes blindness. DEC ıs therefore recom- detailed ocular findings of a double masked study of 
mended only for patients with severe disease, especi- dosage and efficacy in which 200 patients with 
ally those whose sight is severely threatened without moderate to severe onchocerciasis were treated with 
treatment.’* Suramin, which is inherently toxic,’ also one of three different doses of invermectin or 
causes similar ocular changes." Invermectin, a placebo. The detailed systemic findings in this group 
semusynthefic macrocyclic lactone widely used in of patients are being reported separately." 
veterinary medicine, shows promuse as a micro- 

filaricidal drug that has been better tolerated than Subjects and methods 


Correspondence to Hugh R Taylor, MD, 116 Wilmer Buiking, SUBJECTS E 
Johns Hopkins Hospital, 600 North Wolfe Street, Balumore, Eight hundred patients, aged 12-60 years, were 
Maryland 21205, USA screened clinically and parasitologically. The 200 
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patients with heaviest infection by microfilaria skin 
count who were otherwise apparently healthy and 
who had given consent were selected for inclusion in 
this study. All patients had screening skin-snip 
microfilaria counts of greater than 15 microfilana per 
mg of skin. Pregnant and lactating females and any 
subject who had received an antifilaricidal within one 
year were excluded." They were residents of the 
Liberian Agricultural Company rubber plantation in 
Grand Bassa County, Liberia, an area hyperendemic 
for the rain forest type of onchocerciasis. 


CLINICAL EVALUATION . 

The patients underwent detailed ocular, physical, 
and parasitological examination before the start of 
treatment." The ocular examination included the 
testing of visual acuity with an illiterate E chart and 
visual fields with a clear dome perimeter using a 2 mm 
fibreoptic target (Goodlite Company, Forest Park, 
Illinois). 

The anterior chamber and cornea were examined 
with a Topcon SLSD slit-lamp at 25x after the 
subjects were placed in the head down position for at 
least two minutes. The microfilanae in the cornea 
and the anterior chamber of each eye were counted. 
Limbitis was diagnosed by the presence of limbal 
vessel dilatation, limbal oedema, and white globular 
opacities, and each sign was graded as absent, mild, 
moderate, or severe. Anterior uveitis was diagnosed 
by the presence of anterior chamber cells and flare; 
each sign was graded as absent, mild, moderate, or 
severe. Sclerosing keratitis was graded according to 
the presence of limbal haze, the extent of character- 
istic corneal involvement starting in the nasal-or 
temporal periphery, being confluent inferiorly, 
or covering the pupil. Intraocular pressure was 
measured by applanation tonometry. 

The fundus was examined by direct and indirect 
ophthalmoscopy after pupil dilatation with 1% 
tropicamide and 10% phenylephrine hydrochloride. 
Fundus photography was performed with a Topcon 
FE fundus camera; the photographs were graded ina 
masked fashion with the patient’s identity, treat- 
ment, and date of examination obscured. These 
photographs were graded for the presence and extent 
of intraretinal deposits, intraretinal pigment (IRP), 
atrophy of the retinal pigment epithelium (RPEA), 
retinitis, haemorrhage, optic neuropathy, and sub- 
retinal fibrosis." Intraretinal deposits are either small 
white or glistening deposits found in the neuroretina. 
They could be clearly distinguished in stereo photo- 
graphs from drusen, which occur at the level of the 
retinal pigment epithelium. They had a different 
appearance from intraretinal microfilanae and in our 
experience do not occur in people living outside areas 
where onchocerciasis is endemic. 


Newland, White, Greene, D'Anna, Keyvan-Larijam, Aziz, Williams, and Taylor 


After treatment the detailed ocular examination 
was repeated at day 3, and at three, six, and 12 
months, physical and parasttological examinations 
were also repeated at these times. In order to 
quantify the ocular changes due to onchocerciasis 
and due to therapy an ocular reaction index was 
calculated.” This index is based on the intraocular 
microfilana load and the severity of punctate 
keratitis, limbitis, and antenor uveitis. 

All subjects were admitted to hospital during the 
first four days of the study One hundred and thirty- 
two patients attended all follow-up examinations. 
The patients that missed one or more follow-up 
examinations included eight from the 100 pe/kg, 
17 from the 150 pg/kg, 16 from the 200 pg/kg 
ivermectin groups, and 17 from the placebo group. 
There were 177 subjects present at three months, 162 
at six months, and 176 at 12 months. At 12 months all 
patients not examined were accounted for as follows: 
14 had moved to the interior of the country; six had 
moved to urban areas and could not be found; the 
whereabouts of one was unknown; and two refused 
examination. One patient in the 150 ug/kg group 
died of undetermined causes between the six- and 12- 
month examination. 


TREATMENT PROTOCOL 

Subjects were randomly assigned to receive either 0 
(placebo), 100, 150, or 200 ug/kg of ivermectin. The 
dosage was adjusted for weight, with 5 kg incre- 
ments. The drug was provided in coded packages 
containing five identical capsules; each patient was 
treated individually and closely observed to ensure 
compliance. Additional medication was available on 
demand and included aspirin for pain or fever and 
antrhistamine for pruritus or insomnia. 


DATA ANALYSIS 

Data were gathered ın a double-masked fashion and 
entered for computer analysis prior to breaking the 
treatment code at six months. The patients were 
examined at 12 months without reference to the 
treatment code. Statistical analyses were based on 
analysis of covariance (to adjust for differences at 
baseline), with the two-tailed ¢ test for multiple 
comparisons? when means for treatment were com- 
pared. In addition the mean differences between 
groups over time were compared by simple ¢ test for 
independent samples. Other analyses were per- 
formed with Student's £ test or Fisher's exact test. 
The data analysis to be presented was performed on 
data available for all those patients present at an 
examination, regardless or their presence at other 
examinations. Restricting the analysis to only those 
patients present at every examination (132 or 66%) 
did not alter the findings. 
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Results 

PRETREATMENT FINDINGS 

Random assignment of the subjects into four groups 
resulted in similar distributions with regard to age, 
skin microfilaria count, and ocular findings (Table 1). 
Similarly, weight, number of palpable onchocercal 
nodules, and skin changes due to onchocerciasis were 
also evenly distributed." 

Thirty-two patients entered the study with visual 
acuity in one or both eyes of 6/12 or less. Of these, 17 
had visual impairment (vision of less than 6/18 in the 
worse eye). Eight subjects had abnormal visual 
fields. Their distribution was likewise similar among 
the treatment groups. Four patients, two in the 100 
and one each in the 150 and 200 ug/kg groups, had 
unilateral optic atrophy. 

One patient, a 13-year-old girl in the 200 pg/kg 
group, had active retinitis and optic neuritis in her 
only seeing eye, with severe bilateral anterior uveitis 
and raised intraocular pressure (34 mmH in each 
eye). This was associated with a massive intraocular 
microfilana load (over 100 microfilariae in each 
anterior chamber). No evidence for other causes of 
severe intraocular inflammation, such as old toxo- 
plasmosis lesions, could be seen. 


CHANGES AFTER THERAPY 

The mean skin mucrofilaria density in the three 
invermectin treatment groups was significantly 
reduced at all follow-up examinations in comparison 
with the placebo group (p<0-01, Table 2). The rapid 
lowering of skin microfilariae in the first three days 


Table1 Pretreatment characteristics and prevalence of 
ocular findings 








Finding Ivermectn treatment groups 
Placebo 100pgikg 150ugikg 200uglkg 
(n=48) (n=49) (m= 52) (n=51) 
Mean age (years) 30-5 29-3 29-3 303 
skin counts 21-0 179 212 208 
(geometnc mean, 
mí/mg skin) 
Punctate kcratis 21* 15 21 
(438%) (06%) (40499) (43-1%) 
Mocrofilariae in 16 8 15 14 
cornea (33-32%) (163%) (288%) (275%) 
Mocrofilanae in 26 19 27 24 
7 antenocchamber (54:2%) (388%) (519%) — (47.196) 
Antertor uveitis 0 2 ni 1 
(0 0%) (4 1%) (1-9) (2-096) 
Limbitzs 5 6 5 7 
(10-496) (122%) (96%) (13 796) 
Sdeposmgkeratts — 1 1 2 3 
(21%) (20%) (38%) (59%) 





“Number affected (percentage). 
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Table2  Microfilaria skin densities before and after 
tieatment 

Microfilana skin count 

Placebo — l00ugikg 150ugikg  200ugikg 

(n=48) (nm49) (n=52) (nw 51) 
Pretreatment 21-0 179 212 208 
3day 177 70 7-00 43 
3 months 16-5 0-93 0 65 0 55 
6montbs 156 18 1-7 13 
lyear 30 | 34 35 36 





*Geometrx mean for all those present at an examination (mf/mg 
skm) All treatment groups had significant reduction in 

Genities at every interval compared to both placebo and to 
pretreatment levels (p<0 01) 


after treatment was associated with only mild 
systemic reactions." 

All patients in the ivermectin groups either 
retained the same visual acuity or improved, but one 
patient in the placebo group lost some vision in one 
eye (6/6 to 6/9) when tested at three and 12 months. 
No cause could be ascribed to this loss of vision. No 
patient suffered further loss of visual field at any of 
the follow-up examinations The 13-year-old girl with 
active retinitis and.neuritis at baseline was treated 
with intensive topical anti-inflammatory and 
pressure-lowering drugs in addition to ivermectin. 
She regained visual field, which enlarged from 10° at 
baseline to 20° at three months There was no 
progression of optic atrophy in any patient in either 
the ivermectin or the placebo treated groups, and no 
new cases of optic neuritis or optic atrophy were seen 
at any follow-up examination. 

The number of microfilariae in the anterior 
chamber in all treatment groups fell rapidly during 
the three days following treatment. At three months 
the difference between the ivermectin treated groups 
and the placebo group was significant, and it 
remained significant at the six- and 12-month exami- 
nations (p«0-05, Fig. 1). The motihty of micro- 
filariae in the anterior chamber was observed to be 
abnormal for the first three days after ivermectin 
treatment. This abnormal motility consisted of a 
characteristic extended configuration, periodic 
immobility, and an occasional unusual motion in 
which the microfilariae bent only in the middle, 
suggestive of a spastic paralysis. 

The number of corneal microfilanae ın all treat- 
ment groups tended to increase by day 3 but had 
significantly decreased in the ivermectn treated 
groups at three months in comparison to the placebo 
group (p<0-01). As with the microfilariae counts in 
the skin, there was a gradual increase in the number 
of corneal microfilanae in the ivermectin treated 
groups between both the three- and six-month 
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Fig 1 Geometric mean number of 
mucrofilariae in anterior chamber in 
each treatment group. Asterisks 
indicate counts significantly = ^ 
different from those in placebo 
group (single asterisks, p<0-05, 
double asterisks, p «0-01 (t test)} 
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examinations and the twelve-month examination. 
Though not statistically significant, this was more 
marked in the 200 pg/kg group (Fig. 2). Similar 
changes were seen in the number of punctate corneal 
opacities; the 200 pg/kg group showed a small 
decrease at day three and a more marked (though 
‘not statistically significant) increase than the other 
invermectin groups at both the six- and 12-month 
examinations (Fig. 3). 

- In all three ivermectin groups there was a signifi- 
cant decrease in the ocular reaction index in compari- 
son with the placebo group at three, six, and 12 


4A 
i 
= 


Months 


months: There was no significant difference between 
the three ivermectin groups (Fig. 4). 

Chorioretinal abnormalities were noted before 
and after treatment in patients in all treatment groups 
(Table 3). Patients were classified by their worse eye. 
In all instances the chorioretinal changes after treat- 
ment were noted to have occurred between the three- 
and 12-month examination. There was no change in 
the amount or distribution of IRP in patients with 
IRP from the ivermectin groups except in one patient 
in the 100 pg/kg group, in whom progressive IRP 
clumping was noted (Figs. 5A, B). All those with 





Fig.2 Geometric mean number of 


corneal mucrofilarae in each 5 : 
treatment group. Astensksindicate — $z 
counts significantly different than £ E 
those in placebo group (single Lis 
asterisks, p<0-05, double asterisks, ` $ 8 

o 


p<0-01 (ttest)). 
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Gaometric Mean 
Number of Punctate Opocitios 


Fig 3 Geometric mean number of 
punctate corneal opacities in each 
treatment group. Asterisks indicate 
counts significantly different from 
those tn placebo group (single 
asterisks, p<0-05; double asterisks, 
p<0-01 (t test)) 











RPEA in the ivermectin-treated groups remained 
unchanged (Fig. 6). In contrast, in the placebo group 
patients with either IRP or RPEA showed progres- 
sion in 18-296 (four patients) and 23-1% (three 
patients) of cases respectively. Of patients initially 
without RPEA none of the ivermectin and 11-496 
(four patients) of the placebo patients developed 
these changes. Nineteen patients with normal fundi 
before treatment developed retinal deposits, and 
they were from all four treatment groups. The 


proportion of patients who developed retinal 


deposits in the placebo group (seven patients) was 





significantly greater than that (one patient) in the 200 
pg/kg group (p<0-05). In two patients—a placebo 
patient and one from the 200 pg/kg group—with pre- 
existing retinal deposits the number of deposits 
decreased after treatment. 

The one patient with active retinitis and optic 
neuritis from the 200 pg/kg group (the 13-year-old ` 
girl mentioned above) showed some improvement 
clinically when seen at three days and three months, 
after which she was lost to further follow-up. One 
patient in the placebo group had a small area of mild 
retinitis which remained unchanged throughout the 








Meon Score 


Ocular Reaction index 


Fig.4 Ocular reaction index in 
each treatment group Asterisks 
indicate scores significantly 
different from those in placebo 
group (single asterisks, p<0-05, 
double asterisks, p«0-01 (t test)) 
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Fig. 5A Fig.6 Fundus photograph of 19-year-old male patient in 
the 100 ug/kg group showing retinal pigment epithelial 


atrophy and white retinal deposits (arrows below disc). Note 
study (Fig. 7). A retinal haemorrhage appeared at also intraretinal pigment clumping superonasal to disc 


three months in a placebo patient but had resolved by 
the six-month assessment (Fig. 8), while a small 
paramacular area of active retinitis in another patient 
on placebo remained unchanged during the study. 


Discussion 


This report presents the detailed ocular findings in a 
double-masked study of the safety and dosage of 
ivermectin comparing three different doses with 





Fig. 5B 

Fig.5 Fundus photograph of 28-year-old female patient in 

the 100 ug/Kg group before treatment ( A) and six months Fig.7 Fundus photograph of a 48-year-old male placebo 
after treatment (B) in whom there was progressive patient who received placebo showing a small area of mild 


intraretinal pigment clumping. retinitis which did not progress during the study 
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Fig.l Antslerrecording charts show ing paracentral scotomas in right and lefteves 


bright spot near the centre of his vision. He presented 
to his general practitioner and was referred on to 
hospital the following morning, still complaining of a 
positive scotoma affecting the lower part of his 





Fig.2 


Small dark lesionabove ea hfovea L righteye R: lefteye 








central field in both eyes. This was plotted by the 
patient on an Amsler grid at 30 cm (Fig. 1). A slight 
gritty sensation in both eyes was admitted to only on 
acuity 


direct questioning. Unaided visual was 
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recorded as 6/5 in both eyes. Minimal, punctate 
corneal fluorescein staining was seen on each 
eye. Retinal examination revealed a triangular, 
oedematous lesion approximately 0-1 mm in size just 
above and to the patient’s left of each fovea (Fig. 2). 

One week later the patient's condition was 
reviewed. At that time he was symptom free and the 
retinal lesions were no longer visible. Octopus 
perimetery (program 34) and fluorescein angiograms 
of both fundi were normal 


CASE2 

A 39-year-old Asian self-employed motor mechanic 
presented to the hospital casualty department in the 
early hours of the morning complaining of painful red 
eyes, photophobia, and blurred vision. The previous 
afternoon he had been welding a car body with 
a MIG welder. It was used underneath the car in poor 
light, where it was not possible to see through the 
darkened glass of the protective visor. The patient 
admitted to ‘occasionally’ looking round the side of 
the visor ‘for never more than a few seconds’ until the 
are was struck: enough light would then be produced 
to enable him to see through the glass filter and allow 
the visor to be used in the correct manner. The inert 
gas used was a mixture of argon 75% and carbon 
dioxide 25%. The arc was formed with 0-6 mm 
coppered steel wire, and the car body parts were of 
mild steel. He was inexperienced at welding and had 
used the machine five or six times, with a total 
welding time of less than five hours in the previous 


Fig.3 


Retinal burns in both eyes. L: righteye. R:lefteye. 
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seven months 
welding 
welding. 

He was treated with topical antibiotic drops and 
eye padding. Seen in the eye department later that 
morning he complained of blurred vision and dark 
spots in both eyes; the eyes were still painful and 
photophobic. His corrected visual acuity was 6/7-5 in 
the right and 6/9 in the left eye. His conjunctivas were 
hyperaemic, and on slit-lamp examination both 
corneas showed fine, superficial, punctate fluorescein 
staining in the areas exposed by the palpebral 
fissures. Facial ultraviolet erythema was not noted. 
Examination of the fundi revealed two discrete 
circular brown coloured lesions in each eye. The 
lesions were located rather symmetrically temporal 
to either fovea. The larger was over half a disc 
diameter in size, the other a third of a disc diameter in 
size in both eyes; each lesion contained a concentric 
ring. The smaller lesion in the left eye was less 
marked than the other lesions (Fig. 3). 

One week later the patient was symptom free and 
his corrected visual acuity had improved to 6/6 in 
both eyes. Fundus fluorescein angiograms revealed 
hyperfluorescent areas in the early arterial phase 
without any leakage of fluorescein in later pictures 
(Fig. 4). These areas had the appearance of window 
defects in the pigment epithelium in locations 
corresponding to the retinal lesions, and looked like 
those found in retinal photocoagulation burns.” No 
visual field defect could be located despite a careful 


He had never received any formal 
training nor had he done any other are 
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and detailed search with both tangent screen 
and computerised Octopus central field analyser 


(programs 34 and 64). 
Discussion 


Traditionally, the primary consideration of the ocular 
hazards of arc welding has been keratoconjunctivitis 
caused by the ultraviolet radiation, which is produced 
in large amounts by the welding arc. Ultraviolet 
radiation is absorbed by the cornea and lens’ and 
therefore does not pose a threat to the retina in the 
phakic eye. However, arc welding emissions cover a 
wide spectrum, much of which falls within the visible 
range.' The danger of excessive retinal exposure to 
‘blue light’ is well recognised. ** 

The first case demonstrates a macular burn resulting 
from prolonged exposure to the radiation of a carbon 
dioxide MIG welding arc. Although a full recovery 
was made, the injury was significant, for it shows that 
a sufficient proportion of the radiation produced by 
the arc is within the spectral range that can reach 
the retina to cause retinal injury. The lack of a 
marked keratoconjunctivitis despite the retinal 
involvement is of interest and may be explained 
by spectral analysis of the carbon dioxide are 
which produces relatively less radiation in the 
ultraviolet range than in the visible and near infra-red 
spectrum (Fig. 5). 

The macular burns in the second case, which 
resulted from exposure to radiation from an argon 





Fig. 4 


Fundus fluorescein angiograms of both eves showing hyperfluorescentareas atthe sites of the retinal burns. 
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arc, were symmetrically located temporal to the 
fovea. The principle of physiological diplopia’ is well 
illustrated, showing that the welding arc must have 
been closer to the eyes than the point of visual 
fixation (Fig. 6). As the intensity of light incident on 
the retina is inversely proportional to the square of 
the distance of the source from the eve, this evidence 
that the patient occasionally had his face very close to 
the arc is a major factor in this retinal injury." ' 

The total amount of radiation from an arc in any 
given period is approximately proportional to the 
square of the current and directly related to the arc 
length (or arc voltage). When using comparable non- 
professional equipment MIG welders operate at 
similar voltages but at almost twice the current of rod 
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Fig.6 illustration of the principle of physiological diplopia 
Fx fovea, X = welding arc, B = retinal burn, O = fixation 
object 


arc welders. Whereas a welding rod is of some 2 mm 
in diameter and produces an arc about 2-5 mm in 
diameter, the MIG uses a wire 0-6 mm in diameter 
producing an arc less than 1 mm in diameter. At 
similar operating currents a MIG produces a current 
density six times higher (or six times brighter) than a 
rod arc. MIG welding differs from standard rod arc 
welding in that the molten metal is protected from 
oxidation in aur by a stream of inert gas rather than by 
a melted flux. Radiation from a MIG welding arc is 
notblocked by the surrounding fumes and the molten 
slag in which a conventional rod arc is submerged. 
The MIG welding arc is produced by direct current, 
and its emissions are continuous. A traditional rod 
arc is driven by an alternating current and so the 
emissions are pulsed and interrupted, reducing the 
total exposure for a given period These factors 
mean that a MIG arc is many times more intense 
than a conventional arc (Salter GR, personal 
communication). 

The stream of inert gas in à MIG welder allows a 
controlled, steady arc to be formed. Since every 
substance has its characteristic ionisation emission 
spectra, introducing an inert gas to an electric arc will 
change the spectrum accordingly. When argon 1s 
excited by an electrical discharge, the majority of its 
most intense spectral bands fall within the visible and 
near infrared range" (Fig. 7). The combined emission 
spectra of argon and carbon dioxide from the gas mix 
used by MIG welding machines ts maximal across the 
visible spectrum.” Such light freely traverses the 
ocular media (Fig. 8) to be absorbed by the retinal 
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Fig 7 Argon gas emission spect: um showing the relative 
intensity of the mayor emission bands. 


pigment epithelium and choroid! "" — the basis of 
argon laser retinal therapy 

Time-resolved optical spectra from 200 amp MIG 
welding arc ignitions have been analysed" and show 
that there is surge of radiation in the ultraviolet and 
biue light range that occurs within the first 50 
milliseconds of the arc being struck. The wave length 
of the emitted radiation is inversely proportional to 
the current driving the arc? (Salter GR, personal 
communication) and it 1s likely that, at the lower 
currents at which amateur MIG welding machines 
operate (below 100A), more of the emission will be 
of a longer wavelength and able to reach the retina 
duning this initial surge on striking the arc. 

The filter recommended by the British Standards 
Protection of Eyes Regulations 1974 for MIG welding 
is considerably darker than that recommended for 
rod arc welding, making it more difficult to ‘see 
through before the arc is struck. The temptation for 
theinexperienced welder to look round the visor to see 
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Fig 8 Percentage emission through ocular media. Spectral 
transmission curve of ocular media (after Geeraets and 


Berry’) 
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where the arc will ignite is understandable, especially 
in poor background lighting conditions where it 
is impossible to see through the visor. In these 
conditions pupils would be dilated, allowing a much 
higher part of the incident light to be focused on the 
retina. The amount of light falling on the retina is 
proportional to the square of the pupillary diameter." 
Pupillary constriction in response to striking the arc is 
too slow to block the initial 50 ms surge of radiation. 

Safety advice given with amateur welding equip- 
ment does not adequately stress the risk ofnot wearing 
eye protection at all times, the importance of good 
background lighting, or the danger of welding too 
close to the eyes." 

MIG welding machines were atone time expensive 
and accessible only to the trained professional. In the 
past few years they have become readily available at a 
price within easy reach of the average amateur They 
can be worked from a standard 13 amp domestic 
electricity power supply, and, unlike standard arc 
welding techniques, MIG welding requires very little 
skill to use and is ideally suited for welding the thin 
sheet metal on cars." 

The intensity and spectrum of radiation of MIG 
welders differ from those of standard rod arc welders 
and may present a more serous risk to sight m 
the unprotected eye than previously recognised, 
especially in the inexperienced hands of the amateur. 
Itis likely that ın future, with the increasing popularity 
of MIG welding machines, their misuse will give mse 
to many more cases of macular burns. 


Tam greatly mdebted to Dr George R Salter, of the Welding Institute, 
Abmgton, Cambndge, for his help in supplying much of the techmcal 
information 
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Retinoblastoma in Great Britain 1969—80: incidence, 
treatment, and survival 


B M SANDERS, G J DRAPER, ann J E KINGSTON 


From the 'Childhood Cancer Research Group, Department of Paediatrics, University of Oxford, and the 
! Department of Paediatric Oncology, St Bartholomew's Hospital, London 


SUMMARY Patients with retinoblastoma diagnosed from 1969 to 1980 have been followed up for 
periods of up to 17 years. Data from a previous study of patients diagnosed from 1962 to 1968 have 
been included for analysis of incidence and second primary tumours, and for study of trends in 
treatment. The registration rate in Britain (which may be about 10% less than the true incidence) is 
about one in 23 000 live births, approximately 4096 of cases being known to be genetic. There is no 
apparent trend in incidence during the period covered by these two studies. The three-year survival 
rate is 88%. Patients with bilateral tumours have a better survival rate than those with unilateral 
tumours for the first few years, but their long-term survival rate is worse because of later deaths 
from ectopic intracranial retinoblastoma or second primary neoplasms. Older children tend to 
have a worse prognosis, which is related to the fact that their tumours are diagnosed at a more 
advanced stage. There is a significantly higher survival rate for boys than for girls; this is partly 
accounted for by difference in age and stage at diagnosis between the sexes. Children referred to 
units specialising in the treatment of retinoblastoma have a higher three-year survival rate than 
those treated at other hospitals. Comparing methods of treatment between the periods 1962-8 and 
1969-80, we find there has been a trend towards more conservative treatment. The use of 
chemotherapy is now usually reserved for recurrences and metastases and for palliative treatment 


in terminal retinoblastoma. 


Retinoblastoma comprises about 396 of all the 
malignant tumours of childhood. Tbe tumour may 
occur in only one or in both eyes and may be either 
unifocal or multifocal ın origin. It occurs in both 
sporadic and inherited forms: the latter, which 
accounts for about 4096 of all the cases, includes all 
bilateral tumours and a small proportion of unilateral 
tumours. The observed pattern of inheritance is 
consistent with that of an autosomal dominant gene. 
Kundson! suggested that retinoblastoma is caused 
by mutational events in homologous genes on each of 
a pair of chromosomes, and that in the hereditary 
form the first of these mutations is inherited and the 
retinoblastoma gene is present in every cell in the 
body. Murphree and Benedict! have carried this 
theory further by postulating that the 'wild-type' 
allele at the retinoblastoma locus 1s a suppressor for 
, retinoblastoma; the mutant allele at this locus 1s 
recessive at the cellular level, and when there is 
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homozygosity or hemizygosity for this allele retino- 
blastoma will occur. This would account for the 
occasional association of retinoblastoma with 
deletion of part of chromosome 13, where the 
retinoblastoma gene is mussing. Friend ef al.’ have 
identified a segment of chromosome band 13414, all 
or part of which is frequently deleted in retino- 
blastoma and osteosarcoma, and assign to this seg- 
ment the locus of the ‘retinoblastoma gene’. 


Matertal and methods 


In this paper we include data about 431 children 
diagnosed with retinoblastoma in England, Scotland, 
and Wales between 1969 and 1980. Notifications 
of the tumours were received from local cancer 
registries. It is estimated that more than 90% of 
all retinoblastoma cases occurring in Britain during 
this period have been ascertained. Medical and 
epidemiological information has been obtained from 
the hospitals where the children were treated, and 
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from their family doctors. The children have been 
followed up for at least five years, and for the earlier 
registrations for up to 17 years, from diagnosis. All 
surviving children have been flagged at the National 
Health Service Central Registers at Southport or 
Edinburgh in order that all subsequent cancers and 
deaths may be notified to us. 

Our previous study of retinoblastoma in Britain‘ 
included children treated from 1962 to 1968. These 
children have now been followed up for a further 
period of 10 years. The total of 699 children with 
retinoblastoma diagnosed between 1962 and 1980 
forms one of the largest well documented series of 
retinoblastoma available, with probably a better 
population coverage than any other large series. 
Some data from the 1962—8 series have been included 
here in analyses of incidence rates and the occurrence 
of second primary tumours, and for comparison of 
treatment regimens during the two periods 


Results 


INCIDENCE 

Incidence rates for retinoblastoma have often been 
expressed as numbers of cases per million live births 
and we have followed this convention in the present 
paper. For the calculation of these rates we have used 
data for patients diagnosed during 1969—80 from the 
present paper together with data for 1962-8 from the 
National Registry of Childhood Tumours maintained 
by the Childhood Cancer Research Group. All 
children notified to the national cancer registration 
system as having retinoblastoma before age 15 will be 
included in these series. These children will have 
been born between 1947 and 1980, though for most of 
these years the coverage of the age range is neces- 
sarily incomplete. For instance any child born in 1947 
and diagnosed at age 1, or born in 1980 and diagnosed 
at age 4, will not be included. Allowing for these 
"incomplete birth cohorts we can calculate the 
incidence of retinoblastoma at each year of age and 
also the cumulative rate by age 15; these figures are 
given separately for unilateral and bilateral cases in 
Table 1. The overall incidence is about 43-9 cases per 
million births, that 1s, 1 in 23000 births. Just over 
60% of the cases are unilateral, the incidence rates of 
unilateral and bilateral cases being respectively 1 in 
37 000 and 1 in 60000 births. 

Incidence figures given in other papers range 
between 1 in 34000 and 1 in 10000, but these outer 
- limits are not population based. Vogel’ suggests that 
figures of 1 in 28 000 to 1 1n 15000 give reliable limits 
for incidence. Pendergrass and Davis* give the annual 
incidence 1n the United States of retinoblastoma in 
children under 5 (by which age about 9596 of cases 
have occurred) as 11 cases per million, that is, a 
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Table 1 Incidence of retinoblastoma in Britain, by age at 

diagnosis 

Age in years Incidence per millton births 

Unilateral Bilateral Total 

0 50 100 14-9 
1 71 4-6 11-7 
2 75 16 9-2 
3 40 0-2 43 
4 19 01 2-0 
5 08 0 08 
6 06 0 0-6 
7 02 0 0-2 
8 01 0 01 
9 0 0 0 

10 01 01 02 

11-14 0 0 0 

Cumulative rate by age 15 274 16 6 439 


cumulative rate by age 5 of 55 per million. Our figures 
are lower than the actual incidence in Britain because 
we are including only patients registered with retino- 
blastoma at local cancer registries. It is known that 
some patients, particularly those who died without 
treatment, have never been registered, and it is 
possible that incidence rates quoted here should be 
increased by as much as 1096. 

Of the 699 cases included in the analysis only four 
were diagnosed more than eight ycars after birth; the 
diagnosis of one bilateral case at age 10 years is 
remarkable. As can be seen from Table 1 the age 
distributions for unilateral and bilateral cases are 
quite different. Nearly all bilateral cases are diag- 
nosed in the first three years of life; more than a 
quarter of unilateral cases are diagnosed after this. 
Most cases 1n both groups are diagnosed during the 


Table2 Incidence of retinoblastoma in children in Bntain 
under the age of 5 years by year of birth 


Year of birth Inadence 

(number of cases per million Irve births) 

Unilateral Bilateral All cases 
1962 19 16 35 
1963 17 10 27 
1964 21 18 40 
1965 22 15 36 
1966 26 21 48 
1967 32 17 50 
1968 30 15 45 
1969 28 15 43 
1970 24 15 39 
1971 26 11 38 
1972 29 z 51 
1973 33 20 53 
1974 M 13 46 
1975 18 16 34 
AI years 25 16 42 
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first five years of life, and for this age group all 
patients born in the years 1962—75 and notified to a 
cancer registry are included in this analysis. The 
overall incidence during the first five years of life per 
million children born during these years was 25-5 for 
unilateral cases and 16-1 for bilateral cases These 
figures are very similar to the cumulative rates for 
ages 0—4 based on the complete data in Table 1. In 
Table 2 the incidence rates for the age group 0—4 
years are given for single years of birth from 1962 to 
1975. It is clear that there is no consistent trend in 
either the unilateral or bilateral rate. 


TYPES OF TUMOUR AND FAMILY HISTORIES 

The 431 children in the present study are classified in 
Table 3 by sex, laterality of the tumours, and whether 
or not there 1s a known family history of retino- 
blastoma. There is histological confirmation of the 
retinoblastoma for 399 of these patients. The ificid- 
ence is similar for the two sexes: 221 boys and 210 
girls were affected. In 149 (34.696) children the 
tumours were bilateral and in 282 (65-496) children 
unilateral. Ofthe unilateral tumours 156 were sited in 
the right eye and 126 in the left. For one additional 
child registered during the study period retino- 
blastoma cells were found only in the suprasellar 
region of the brain, the eyes and the optic nerves 
being free of tumour; she has not been included in the 
analysis. This child had a strong family history of 
retinoblastoma; her sister and mother were both 
affected. 

Fifty-three children had at least one other relative 
who had been diagnosed with retinoblastoma. This 1s 
12% of all the children in the study and is in Line with 
other published figures. It is notable that even for the 
bilateral cases only a minonty, 2696, are known to 
have a family history. Forty children had a parent 
previously diagnosed with retinoblastoma, and 16 of 
this group of 40 children had at least one sibling with 
retinoblastoma Three other children had one sibling 
with retinoblastoma, and 10 children in the study had 
only a more distant relative affected with the disease. 
Of the remaining 378 children with no known family 
history of retinoblastoma those with bilateral 
tumours are classified as having the genetic form of 
the disease One patient with bilateral tumours 


Table3 Numbers of patients with retinoblastoma 


Site FH No FH All cases 





Male Female All Male Female All Male Female All 


Umlateral 7 8 15 135 132 267 142 140 282 
Bilateral 18 2 38 61 D 11 79 7% 149 
Allcases 25 28 53 196 18 378 221 210 431 





FH=famuly hrstory 
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Table4  Agesat diagnosis 


Ageat Unulateral Bilateral All cases 
dugnoss sO 
(months) FH NoFH All FH NoFH All FH NoFH All 
0-5 3 16 1922 2 49 25 43 68 

6-11 1 35 36 9 B 42 10 68 78 
12-17 6 20 26 2 18 20 8 B 46 
18-23 - 42 42 2 B 15 2 55 57 
24-29 1 46 4 2 10 122 3 56 59 
30-35 2 D 31 - 7 7 2 36 38 
36-41 - 21 2 - 2 2.- B 23 
42-47 - 20 20 - - - - 22 20 
48-53 1 16 I7. 1 - 1 2 16 18 
54-59 1 5 6 - - - 1 5 6 
60-65 - 3 3 -= - - =- 3 3 
66-71 - 5 5 = - - ~ 5 5 
T+ - 9 9 = 1 1 ~= 10 10 
Total 15 267 282 38 111 149 53 378 LI 
FH=famıly history. 


included in this study, who was first treated at the age 
of 10 years, has recently had a child diagnosed with 
retinoblastoma at the age of 2 months. 

The study included a pair of monozygotic twins 
both of whom had retinoblastoma One child was 
affected unilaterally, and the tumour regressed spon- 
taneously without treatment. His brother, who had 
bilateral tumours, received radiotherapy to one eye, 
and the tumour in the other eye also regressed 
without treatment. One child with unilateral retino- 
blastoma had an unaffected monozygotic co-twin. 


AGES AT DIAGNOSIS 

The ages of the children when retinoblastoma was 
diagnosed ranged from 18 days to 10 years. Table 4 
shows the distribution of ages for children with 
unilateral and bilateral tumours, subdivided accord- 
ing to whether or not there was a family history. 
These age distributions reflect the incidence rates 
shown in Table 1. Bilateral cases were diagnosed at 
anearlier age than unilateral ones; in addition, within 
each group cases with a family history tended to be 
diagnosed earlier than those without. The unilateral 
tumours with no family history had their peak 
incidence between 24 and 29 months; more than half 
these children were diagnosed before the age of 30 
months. The genetic tumours (bilateral or with a 
known family history) had their peak incidence in the 
first six months of life; more than half this group of 
children were treated before the age of 1 year. 

For 130 of the 149 children with bilateral retino- 
blastoma the interval between diagnosis of the. 
tumours in the two eyes was three months or less. For 
only six children was this interval longer than a year, 
and the longest interval was under three years. 
However, the fact that, when a tumour 1s discovered 
in one eye, the other eye is always examined care- 
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fully, will probably mean that the second tumour is 
diagnosed earlier than would otherwise be the case 
and hence reduce the interval between the two 
diagnoses. 


STAGING 

The tumours were staged on the basis of medical 
records and histology by a modification of the system 
described by Reece and Ellsworth.’ Their five-part 
staging requires more detailed clinical information 
than that available for most of the cases in this study 
The stages used and the numbers of unilateral and 


Table5 Staging numbers of patients in each category 





Stage Numbers of patents 

Unilateral Bilateral 
I Confined to retina 74 38 
II Retinal detachment 60 23 
II Opticnerve involved but not beyond cutend 49 24 
IV Intraocular spread , 66 35 
V Optic nerve involved beyond cut end 21 7 
VI Extraocular spread , 4 3 
VII Norecord 8 19 


Table6 Treatment of patients with retinoblastoma 
Unilateral 


Imital treatment No of Futher treatment 
patients 





Enucleatton RT to socket Conservatrve* 

















Enucieation 235 (26) - 17 (14) 
Enucication-- R/T 30(10) — - 
socket 
Conservativo” 15(2) 4(1) 4 
None 2 - - - 
(spontaneous 
regresnon 
Total 282 (38) 4(1) 17 (14) 4 
Buateral 
Intal treatment No of Further treatment 
patents 
Enucleatton Conservative 
or RT to socket* 
Enuckation 2 eyes 90) - - 
Enucieaton | eye 112(15) 16(3) 38(7) 
conscrvative* treatment 
other 
Conservative* both eyes 2703) S5() 13 
Ni iq) - z 
Total 149 (20) 21 (4) 51(7) 


*Conservative treatment includes external radiotherapy to cye, 
cobalt plaques, hght coagulation or cryotherapy 

Numbers m brackets are numbers of patents who died from 
retinoblastoma and ectopic intracranial retinoblastoma 
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bilateral cases in each group are given in Table 5. For 
bilateral cases the staging refers to the eye with tlie 
more advanced tumour at diagnosis. 


TREATMENT 

Table 6 shows the initial and subsequent treatment of 
282 children with unilateral tumours and 149 children 
with bilateral tumours, and the numbers in each 
category who died. Chemotherapy has not been 
included in this table but is discussed later. 

For the 282 children with unilateral tumours the 
most usual treatment was enucleation For two 
children the tumours regressed without treatment; 15 
other children received only radiotherapy or light 
coagulation initially; 13 survived, though four sub- 
sequently had the affected eye enucleated. -Bilateral 
tumours were usually treated by enucleation of the 
more severely affected eye and conservative treat- 
ment (cobalt plaques, radiotherapy, light coagula- 
tion, or cryotherapy) to the other. Some vision was 
retained by 108 (84%) of the 129 survivors from 
bilateral retinoblastoma; for 20 (16%) of these 
children neither eye had been enucleated 

Table 7 compares the treatment given during the 
periods 1962-8 and 1969—80. There appears to be a 
trend towards more conservative treatment between 
the two periods: 5% of children with unilateral 
tumours in the later period did not have an enuclea- 
tion as compared with 1% in the earlier period. For 
the bilateral cases at least one eye was retained for 
83% of the children in the later period, as compared 
with 7396 in the earlier. 

Chemotherapy was used only in addition to other 
forms of treatment, never as the sole method. A total 
of 48 children were treated with cytotoxic drugs. 
Cyclophosphamide was the drug most generally 
used. Thirty-nine children were treated with it, in 25 
cases in combination with vincristine, methotrexate, 
or adriamycin. Nine other children were treated with 


Table 7 Companson of treatment for retinoblastoma 











between periods 1962-8 and 1969-80 
Years Unilateral 
Total cases Eye enucleated Conservative or 
no treatment 
1962-8 157 155 (99%) 2(1%) 
1965-80 282 269 (95%) 13 (5%) 
Bilateral 





Total cases Botheyes Oneeye  Conservetve 
enucleated enucleated or no treatment 


30 (27%) 
25 (17%) 





1962-8 Hl 
1969—80 149 


66 (59%) 15(14%) 
101 (68%) 23(15%) 
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dexamethasone, triethylmelamine, or vincristine. 
Table 8 shows the numbers of children given chemo- 
therapy for various reasons and the numbers who 
died. Thirteen were given drugs as part of the initial 
planned treatment: 11 received cyclophosphamide, 
one vincristine, and one tnethylmelamine. All 13 
survived the retinoblastoma, but two children who 
had been treated with cyclophosphamide developed 
osteosarcomas of the leg in their teens. Both children 
have a strong family history of retinoblastoma. 

Six children were given chemotherapy because of 
the advanced stage of the tumour at enucleation 
(optic nerve involvement or orbital spread). Four of 
these children died. The two who survived had been 
given radiotherapy to the orbit and were treated with 
a combination of cyclophosphamide, vincristine, 
methotrexate, and adriamycin for longer than a year 
Among 29 other children whose tumours were found 
to be at similarly advanced stages when the eye was 
enucleated, and who were not given chemotherapy 
there were 12 survivors. I 

For 29 children the drugs were given because of a 
local recurrence of the retinoblastoma or distant 
metastases; all but one of these children died. The 
child who survived had been treated for six months 
with cyclophosphamide and vincristine as well as 
radiotherapy for a recurrence in the orbit and antrum 
which occurred 18 months after enucleation.' 


SURVIVAL RATES AND CAUSES OF DEATHS 

Three years after their initial treatment for retino- 
blastoma 374 of the 431 children were known to be 
still alive. Two children were lost to follow-up in this 
period. Of the 55 deaths three were from causes 
unrelated to retinoblastoma and three from ectopic 
intracranial retinoblastoma in the pineal gland or 
suprasellar region. The actuanally calculated three- 
year survival rate, with deaths from unrelated causes 
being regarded as losses to follow-up, was 88%. The 
survival curves for the 282 unilateral and 149 bilateral 
cases are shown in Fig. 1. The three-year survival rate 
for the bilateral group (90-596) was slightly better 
than that for the unilateral one (86-596). Thus is 
similar to the finding in our previous (1962—8) series. 


Table8 Use of chemotherapy 


Reason for chemotherapy Number of pahents 
Trested Dred 
Inrtral treatment 
Part of inrtial protocol 13 - 
Advanced stage of tumour at enucleation 6 4 
Later treatment: 
Orbital recurrence 11 10 
Metastatic spread 18 18 
Total 48 32 
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Table9  Three-year survival rates for groups of patients 
subdivided according to vanous possible prognostic factors 








Factor Subgroup Unilateral* Bilaterel 
No of Three- No of Three- 
cares year cases year 
survival survival 
rate (%) rate (%) 
All cases 281 86 149 90 
Sex Male 141 91 79 92 
Female 140 82 70 89 
Age 0-5 19 95 49 88 
(months) 6-11 36 89 42 98 
12-17 26 96 20 90 
18-23 42 88 15 93 
24-29 47 81 12 75 
30-35 31 T 7 (86) 
36+ 80 86 4 (100 
Staget I 73 97 38 92 
Hu 60 90 23 96 
H1 49 94 24 96 
Iv 66 88 35 94 
V 21 38 7 (D 
VI 4 Q5 3 (0) 
Vil 8 (63) 19 89 
Hospital — MajorUK referral 77 9i 94 94 
forimtml centre 
treatment Specialist c 74 89 11 91 
Withophthalmc — 126 82 43 86 
surgeon 

Other 4 (100) 1 (0) 


*One pavent with no follow-up information is excluded 
+For definition of stage see ‘Methods’ section 
() Fewer than 10 cases 


The long-term survival rate, however, was worse for 
the bilateral cases. The average period of further 
follow-up for those who survived three years was 
eight years. No further deaths have been observed 
among the unilateral cases, but there have been nine 
u the bilateral group, one from disseminated retino- 
blastoma five years after the original treatment, five 
more from ectopic intracranial retinoblastoma, and 
three from second primary neoplasms 

The three-year survival rate for the 1962—8 series 
of retinoblastomas was 87% The surviving children 
in that study have now been followed up for between 
16 and 22 years. There have been two further deaths 
from retinoblastoma, and eight children, all with 
bilateral tumours, have died from second primary 
neoplasms. 

Thus in retinoblastoma most of the deaths occur 
within three years and are directly attributable to the 
original disease; very few deaths occur after this. 
Virtually all of these are in the bilateral group and the 
great majority are due either to ectopic intracranial 
retinoblastoma or to second primary neoplasms. The 
long-term survival rate for the bilateral group 
becomes worse than that for the unilateral group. 
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Fig.1 Survival for retinoblastoma patients treated 1969—80. 


PROGNOSTIC FACTORS 
The effects of various factors on the three-year 
survival rate are summarised in Table 9. 

Tumour stage and age at diagnosis. 'The staging 
system used in this paper is described above. As 
would be expected, there were large and highly 
significant differences 1n survival for the different 
groups (Table 9). It can also be seen from Table 9 that 
older children, that is, those aged 2 years or more at 
the time of diagnosis, tended to have a worse 
prognosis. This is largely accounted for by the fact 
that these children tended to be diagnosed at a more 
advanced stage. 

Sex. The overall survival rate for males was better 
than for females in both the unilateral and bilateral 
groups. The difference is significant (p<0-05) for the 
unilateral group and for the two groups combined. 
This finding is largely attributable to differences in 
the age and stage distribution for males and females. 

Treatment hospitals. Just over a quarter of the 
unilateral cases and nearly two-thirds of the bilateral 
cases were given their initial treatment at two 
London hospitals working jointly as the major 
United Kingdom referral centre for reanoblastoma. 
The three-year survival rates for patients treated 
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mitially at this centre were 91% and 94% respectively 
for unilateral and bilateral cases. These were slightly 
better than those for other specialist eye hospitals 
(89% and 9196), which ın turn were better than those 
for the remaining hospitals. After allowance is made 
for the effects of stage and age at diagnosis there is a 
significant trend (p=0-014) in survival rate for the 
unilateral cases; patients treated at the major centre 
have the best outcome followed by those treated at 
specialist eye hospitals. A similar analysis for the 
bilateral cases shows that the difference is not 
statistically significant. It is possible that this is 
because the major centre is actually treating the more 
difficult cases but the staging system used here is not 
sufficiently sensitive to reveal the effects of such case 
selection. 


SECOND PRIMARY NEOPLASMS 
In the present series five children developed second 
primary neoplasms: four of these were osteo- 
sarcomas, three of the leg and one of the orbit, and 
the fifth child developed acute lymphatic leukaemia. 
Three of these children have died. 

In all, among the 699 children treated for retino- 
blastoma between 1962 and 1980, and included in our 
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two reports, 609 survived for at least three years. 
Thirteen of these children have since developed 
second primary neoplasms of a distinct histology 
from retinoblastoma, and 11 of the children have 
died from the second neoplasm Of the total of 13 
cases, three osteosarcomas, one brain tumour, and 
two fibrosarcomas developed within the radiation 
field. One child treated with high doses of radiation 
developed leukaemia. These seven second primary 
neoplasms could have been attributed at least partly 
to radiotherapy given to the retinoblastoma. 
However, the other six children all developed osteo- 
sarcomas of the leg, outside any field of radiation; 
indeed one child received no radiotherapy for the 
earlier retinoblastoma. Nine of 13 children who 
developed second primary neoplasms had been given 
cyclophosphamide as part of their treatment. This is a 
higher proportion than would have been expected 
from the proportion of patients known to be treatd 
with cyclophosphamide. However, patients treated 
with this drug are not representative of the total 
group of patients, and it is hard to say whether or not 
it was a factor in the causation of some of the second 
tumours. A full discussion is given in Draper et al.” 


Discussion 


The incidence of retinoblastoma found in the present 
paper is similar to that from earlier reports. We have 
found no evidence of a change in incidence in recent 
years. The age distributions are presented here in 
more detail than in earlier publications and show the 
well known difference in age distributions for uni- 
lateral and bilateral cases; the latter have a much 
earlier onset. More than half the genetic tumours 
were treated under the age of 1 year. On the 
assumption that two mutational events are necessary 
for the development of retinoblastoma,” this earlier 
age of onset can be explained by the fact that in 
genetic cases the first mutation for the retino- 
blastoma gene 1s inherited and present in every cell in 
the body. 

Ectopic intracranial retinoblastoma was recog- 
nised as a clinical entity only in 1977." During the 
period covered by the present study eight cases of 
retinoblastoma followed by ectopic intracranial 
retinoblastoma were identified, a proportion of 1-9% 
of all cases, or 5-4% of the bilateral cases. During the 
earher period, 1962 to 1968, no cases of trilateral 
retinoblastoma were recorded, though it may well be 
the case that some of the children who were said to 
have died of intracranial or brain metastases 
actually had pineal retinoblastoma. Among 432 
children with bilateral retinoblastoma described by 
Kingston et al.” 10 (2-396) developed ectopic mtra- 
cranial retinoblastoma. 
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As compared with our earlier paper there 15 some 
indication of a trend towards more conservative 
treatment. It appears that this has continued in more 
recent years, at least in United Kingdom centres 
specialising in the treatment of this disease. 

The use of chemotherapy as part of the treatment 
for retinoblastoma has declined since the 1960s. For 
the years of treatment 1962 to 1968, 12% of patients 
were given chemotherapy as part of the initial 
treatment. This proportion decreased to 4% for the 
period 1969 to 1980. The two London hospitals which 
between them treat over 40% of all retinoblastoma 
patients in Britain have discontinued the use of 
chemotherapy except for orbital recurrences, meta- 
static disease, and children with extensive and deep 
choroidal invasion. 

There has been a continuing trend towards 
centralisation of treatment for bilateral cases. In the 
period 1962-8 50% of the children with bilateral 
tumours received their initial treatment at the major 
UK referral centre; by 1969—80 this proportion had 
increased to 6396. The proportion of children with 
unilateral tumours treated at this major centre (27%) 
was almost identical in the two periods. 

There has been very little change in the already 
high three-year survival rate for retinoblastoma in 
Britain between the periods 1962-8 and 1969—80, the 
high survival rate being due to the policy of referral to 
specialist centres. The great majority of deaths from 
retinoblastoma occur within three years of diagnosis. 
Beyond that period, for survivors from genetic 
retinoblastoma the risk of developing second primary 
neoplasms assumes an increasing importance in 
childhood and adult life. The cumulative incidence 
rate of all second primary neoplasms among sur- 
vivors from genetic retinoblastoma has been 
reported as 8-4% after 18 years;’ for osteosarcoma 
alone the corresponding figure is 6%. It 1s now 
thought? that some osteosarcomas may be associated 
with homozygosity or hemizygosity of the mutant 
allele at the retinoblastoma locus—13q14 and 
that the same mutation may predispose towards 
osteosarcoma. 
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SUMMARY Ingestion of the rat poison N-3-pyridylmethyl-N’-p-nitrophenylurea (PNU) produced 
ocular toxicity in three humans and in an animal model, the Dutch Belted rabbit. The 
electroretinogram b wave was especially susceptible to the effects of the rodenticide, and the target 
tissue appeared to be the retinal pigment epithelium. Injection of PNU itself did not produce ocular 
toxicity. The poison had to be administered orally. Gentamicin administered orally with PNU 
prevented the ocular toxicity. Presumably this antibiotic killed those gastrointestinal bacteria 
responsible for PNU's metabolism into an ocular toxin. L-tryptophan, a known antidote for the 
lethal effects of PNU, was an antidote for the ocular toxicity when administered orally but not when 


administered parenterally. 


N-3-pyridylmethyl-N'-p-nitrophenylurea — (Vacor, 
PNU) is a rat poison that attacks peripheral nerves 
and the 6 cells of the pancreas.!? It seems to have a 
low toxicity for pets and primates. While the LD. for 
rats was 12 mg/kg, those for dogs and rhesus monkeys 
were more than 500 mg/kg and 2000 mg/kg respect- 
ively. Unfortunately PNU was found to be much 
more toxic ın humans than expected; the LDs for 
man has been estimated at 5 to 10 mg/kg. The 
minimum lethal total dose reported in an adult male 
was between 390 and 780 m.? The nucleotide pre- 
cursors, L-tryptophan and nicotinamide, were found 
to be effective antidotes in rats; nicotinamide 
became the recommended treatment of human 
poisoning.’ 

Diabetes mellitus was a common finding in human 
survivors. B Cell function tended to return to a 
variable degree two to three years after ingesting the 
poision.* PNU also produced human peripheral 
neuropathy and encephalopathy.’ Orthostatic hypo- 
tension tended to be the most persistent and trouble- 
some abnormahty, though full recovery has been 
reported.' 

Correspondence to Joel S Mindel, MD, Department of Ophthal- 


mology, Annenberg 22-14, One Gustave L Levy Place, New York, 
NY 10029, USA 


In 1981 Mindel and coworkers’ reported on the 
ocular findings of a 20-year-old female who had 
ingested PNU in a suicide attempt 30 months pre- 
viously. She ultimately developed many of the 
features of retinitis pigmentosa, namely, atrophic 
optic nerve heads, attenuated retinal vessels, 
extinguished electroretinograms (ERGs), and retinal 
pigment clumping. The role of PNU in producing this 
constellation of findings was not clear because the 
patient had received large doses of ergotamine 
tartrate, up to 6 mg a day for nearly one month, to 
correct her orthostatic hypotension. Ergotomine 
tartrate overdosage has been associated with papilli- 
ts but not with retinopathy." The present study 
provides evidence that PNU is toxic to the human 
eye. In addition an animal model of PNU's ocular 
toxicity was developed. 


Material and methods 


HUMAN STUDIES 

Three survivors of PNU (Vacor) ingestion were 

examined. One was female and two were male. 
Flash ERGs were recorded under four stimulus 

conditions: (1) Photopic: cone responses to a 10 ps 

strong white flash (Grass photostimulator Sg white) 
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against a 438 cd/m? background light (normal amphi- 
tude 294uV) (2) Flicker: cone responses to a brief 
exposure of 30 per second strong flashes (normal b 
wave implicit time «33 ms). (3) Scotopic: an estimate 
of rod function was obtained using a weak white flash 
(S, white) after 20 minutes of dark adaptation 
(normal amplitude >194 uV and normal scotopic b 
wave implicit time <63 ms). (4) Combined rod and 
cone responses to a strong flash after 20 minutes of 
dark adaptation (normal amplitude >289 uV). 
Measurements were made of b wave amplitude (the a 
wave trough to the b wave peak) and ot flicker b wave 
implicit times (stimulus onset to b wave peak). 


RABBIT STUDIES 
Adult Dutch Belted (pigmented) rabbits were used 
exclusively. 


Drug | administraton. — N-3-pyndylmethyl-N'-p- 
nitrophenylurea (PNU) was not soluble in water but 
could be dissolved 300 mg PNU per ml dimethyl- 
sulphoxide (DMSO) Multiple doses were each 
separated by a one-week interval. 

An oral dose of PNU, 125 mg/kg body weight, was 
arbitrarily chosen and was administered by an oral- 
gastric tube after pentobarbital anaesthesia. Three 
oral doses were given to each of three rabbits. 

PNU was administered by injection to six rabbits. 
One received intramuscular injections of 125 mg/kg, 
250 mg/kg, and 875 mg/kg, that is, a total of 1250 
mg/kg. A second rabbit received a single intra- 
muscular injection of 675 mg/kg The third rabbit 
received two retrobulbar injections, left eye, of 75 
mg/kg, that is, a total of 150 mg/kg. Two additional 
rabbits received single intraperitoneal injections of 
PNU, 125 mg/kg. The sixth rabbit received an 
injection of PNU, 20 mg/kg, in the left carotid artery. 

L-tryptophan and gentamicin were evaluated as 
prophylactic agents. L-tryptophan, 0-459 mM/kg, 
i.e., equimolar to PNU, 125 mg/kg, was administered 
intravenously 10 minutes before and 1 hour, 3 hours, 
and 6 hours after an oral dose of PNU, 125 mg/kg to 
four rabbits. L-tryptophan or gentamicin sulphate 
was administered orally three times to four rabbits as 
1 g suspensions 1n 10 ml water. Administrations were 
4 hours before, 1 hour before, and 4 hours after an 
oral dose of PNU, 125 mg/kg 

Electroretnograms were obtained prior to each 
PNU administration and at one week intervals after 
PNU administration. Rabbit pupils were dilated with 
tropicamide 1% and phenylephrine 2-5% eye drops. 
The animals were anaesthetised with pentobarbital 
or xylazine, ketamine was sometimes injected to 
supplement anaesthesia. Proparacaine hydro- 
chloride 0-5% provided corneal anaesthesia for an 
'ERG-JET' corneal contact lens electrode (Nicolet 
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Instrument Corp.). After photopic responses were 
recorded, the rabbit was dark adapted for 30 minutes 
and scotopic responses to white and blue light were 
obtained. 

Histological examinations were performed one 
week after the last administration of PNU. Once the 
ERGs were recorded the animal was killed with 
intravenous pentobarbital. The eyes were fixed 
in glutaraldehyde. One eye of each rabbit was 
examined by means of light and electron photo- 
micrographs of the retina and pigment epithelium. 


Case histories and results 


HUMAN STUDIES 
Patient 1 was 18 years old when she attempted suicide 
by ingesting 780 mg of PNU. She acutely developed 
severe gastrointestinal haemorrhage and an infarct of 
the nght occipital lobe. She survived but became an 
insulin-requimng diabetic with severe orthostatic 
hypotension. Eighteen months later she had her first 
ophthalmic examination. Her visual acuity was 6/6 in 
both eyes and her retinal vessels and retinal pig- 
mentation were within normal limits. No electro- 
physiological studies were performed at that time. 
Subsequently she was put on ergotamine tartrate in 
increasing doses in an attempt to control her ortho- 
static hypotension. At a daily dose of 6 mg a day of 
ergotamine tartrate the patient’s symptoms were 
controlled (blood pressure 130/70 mmHg supine and 
120/75 mmHg standing). However, after three weeks 
of being maintained at this dosage she complained 
of severe head pain and muldly blurred vision. 
Ergotamine tartrate was discontinued. Three weeks 
later, and approximately eight months after her first 
ophthalmic examination, she was again examined. 

Her visual acuity remained 6/6 in each eye, but the 
arterioles and venules of the retinas were now thread- 
like. Fluorescein angiography showed decreased 
vascularity of the optic disc and a tessellated pig- 
mented epithelium. There was no abnormal retinal 
pigment clumping Electroretinograms were extin- 
guished bilaterally. Retinal thresholds after dark 
adaptation were markedly elevated in the peripheral 
retina but only moderately in the posterior pole. The 
findings on this point were reported in greater detail 
in 1981.’ At that tıme it was assumed that the cause of 
the retinal changes between the two eye examina- 
tions was the ergotamine tartrate. During the next 
three years she developed a progressive pigment 
retinopathy (Fig. 1). Mild opacifications and pigment 
accumulations were seen on the posterior lens 
capsules (Fig. 2). Her visual acuities were reduced to 
6/7-5 bilaterally. 

To help clarify the role of PNU in producing this 
progressive retinopathy, other survivors of Vacor 
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Fig.l Patient 1, fundus photograph 64 months after PNU 
ingestion. Pigmentary retinopathy is present 


ingestion were examined. Patient 2 was a 36-year-old 
white male who had ingested 3-7 g of PNU three 
years previously. He became an insulin-requiring 
diabetic. Severe orthostatic hypotension and 
peripheral neuropathy persisted for 10 months, but 
then these gradually cleared. He never received 
ergotamine tartrate. Patient 2 agreed to have electro- 
retinography performed and to have his pupils 





Fig.2 


Patient 1, slit-lamp photograph of left eve, posterior 
capsule lens opacification present 64 months after PNU 
ingestion. The visual acuity was 6/7-5 


Joel S Mindel, Alex B Kharlamb, Alan H Friedman, John H Karam, Robert D Stone, and Irwin M Siegel 


pharmacologically dilated for this test. But he 
refused to co-operate for an ophthalmoscopic 
examination or to have a dark adaptation examina- 
tion. The electroretinograms were abnormal in both 
eyes (Fig. 3). The scotopic response to the weak 
stimulus was subnormal in amplitude and delayed in 
implicit time (80 to 85 ms). The scotopic response to 
the strong stimulus consisted only of a decreased 
amplitude a wave with a longer than normal latency. 
Under photopic conditions, the amplitude of the b 
wave to the flicker stimulus was about half the size of 
the normal recording, with a slight delay in the 
implicit time (34 ms). 

Patient 3 was a 32-year-old white male who had 
ingested 1-5 g of PNU six years previously. A more 
complete description of his case history has been 
reported." He was an insulin-requiring diabetic for 
the first two years after his acute poisoning, but 
sufficient islet cell function returned thereafter to 
permit control of the diabetes by diet alone. His toxic 
peripheral neuropathy, consisting of severe ortho- 
static hypotension and pain, also resolved after one 
year. He never received ergotamine tartrate. Patient 
3 permitted an ophthalmoscopic examination. 
Although there was no optic atrophy, narrowing of 
vessels, or pigment clumping, there were large areas 
in the peripheral retina with apparent loss of normal 
pigmentation. The electroretinograms were bilater- 
ally abnormal (Fig. 3). The scotopic b wave response 
to the weaker stimulus was subnormal in amplitude; 
the implicit time was difficult to measure. The 
scotopic b wave response to the brighter stimulus 
consisted solely of an a wave of normal amplitude. 
The photopic b waves evoked by a 30 Hz flickering 
light were within normal limits in amplitude and 
implicit times. 


RABBIT STUDIES 

Oral PNU, 125 mg/kg. resulted in loss of the rod 
portion of the b wave. Administration of two 
additional doses had little effect on the a wave or on 
the cone portion of the b wave (Fig. 4). Electron 
microscopic examination of eyes removed one week 
after the third oral dose of PNU revealed marked 
pathology of the retinal pigment epithelium (Figs. 
SA-D). There was destructive vacuolisation with 
loss of phagosomes, nuclei, and cytoplasmic 
organelles and with a tendency to form large fracture 
areas. The visual retina was minimally involved. The 
ganglion cells and inner portions of Müller cells 
appeared normal. Photoreceptor inner segments had 
a mild increase in the number of vacuoles, and there 
was some dropout of photoreceptor outer segments. 
These photoreceptor abnormalities were considered 
to be secondary to the almost total destruction of the 
retinal pigment epithelium (RPE). Behaviourally the 
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Fig.3  Electroretinograms of 
patient 2 and patient 3 compared 
jen with that of a normal 20-year-old 
female The amplitudes of the 
PATENT 2 20 me scotopic responses of both patients 
were markedly reduced The 
se NARADA A. otopie and photopic implicit times 
d 2 ERES . of patient 2 were abnormally 
prolonged Strong $4 whue, 
weak=S, white 
PATENT 3 


rabbits did not appear to suffer any visual impair- 
ment. 

Although oral administration of PNU caused 
impaired ERG responses and histological evidence 
of destruction of the RPE, intramuscular, intra- 
carotid artery, retrobulbar, and intraperitoneal 
mjectons were without effect. Neither oral nor 
parenteral PNU produced diabetes mellitus in 
rabbits. 

Multiple intravenous doses of L-tryptophan given 
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within 6 hours of a single oral dose of PNU failed to 
prevent PNU toxicity. The ERG scotopic responses 
to blue and white light had been reduced by mean 
amounts of 64% and 36%, respectively, one week 
after a single administration of PNU without 
L-tryptophan. Administration of PNU with intra- 
venous L-tryptophan was associated with corres- 
ponding reductions of 58% and 67% Light and 
electron photomicrographs showed RPE degenera- 
tion. However, oral L-tryptophan and gentamicin 
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Fig.4  Electroretinogram 
responses of a pigmented rabbit 
before PNU oral administration 
and one week after the first and third 
doses of 125 mg/kglweek. The first 
dose reduced the rod component 
After the third dose essentially no 
rod responses remained The 
animal was dark adapted for only 
10 minutes because of difficulty 

i maintaining prolonged anaesthesia 
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Fig.5A 


Fig.5 Photomicrographs of rabbit retinas comparing 
(SA, C) normal tissue with that (5B. D) obtained from the 
rabbit whose ERGs are shown in Fig. 4. The eyes of the latter 
were removed one week after the third oral dose of PNU, 125 
mg/kg. The inner retinas of both appear normal (5A. B, 

« 330). However, the pigment epithelium of the rabbit fed 
PNU is disrupted. Electron microscopy (5C. D, x 2600) 
demonstrates that the pigment epithelum of the PNU-fed 
rabbit has absence of phagosomes, nuclei, and cytoplasmic 
organelles and large fracture areas. Bar is 2-9 um. 








Fig. 5B 


sulphate prevented ERG and histological changes 
from oral PNU. 


Discussion 


The initial goal of these studies was to determine 
whether or not PNU was the probable cause of the 
progressive pigment retinopathy that developed in 
patient 1. Among the alternative possibilities were 
that (1) the large doses of ergotamine tartrate used to 





Fig. 5D 
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treat the orthostatic hypotension had damaged the 
RPE; (2) PNU and ergotamine tartrate toxicities 
were additive; and (3) the patient had hereditary 
retinitis pigmentosa. Similar large doses of ergota- 
mine had been used to treat orthostatic hypotension 
and had not been associated with ocular toxicity.” 
Ergotamine is less toxic than ergot, and the two 
reports attributing eye damage to ergotamine inges- 
tion described a papillitis,! " not pigment retino- 
pathy. Nor has ergotamine tartrate overdosage 
caused ERG abnormalities.^ On the other hand 
many cases of PNU poisoning have occurred without 
any mention being made of ocular abnormalities. 
Perhaps the eyes had not been adequately examined. 

'To investigate this possibility, two other PNU 
survivors were found who had not been treated with 
ergotamine. Finding subjects willing to participate 
was difficult. First, most adult PNU ingestions were 
suicide attempts, and the survivors were reluctant to 
be reminded of episodes that now embarrassed them. 
Secondly, survivors who wanted to commit suicide 
learned quickly that an overdose of the insulin 
needed to control their PNU-induced diabetes 
mellitus was an effiaent mode of self destruction. 
The two survivors consenting to have ERG studies 
had extinguished scotopic b wave responses and mild 
changes in their a waves. This selectivity for the b 
wave was also demonstrated in pigmented rabbits fed 
small doses of PNU. There seemed to be reasonable 
evidence to conclude that PNU was an ocular toxin. 
It should be emphasised that it could not be stated 
that all, or even most, of patients 1's abnormal 
electrophysiological responses and anatomical 
defects were the direct result of PNU ingestion. 
Ischaemic hypoxia from her gastrointestinal bleed- 
ing, and a possible contributing effect from ergota- 
mine, confounded any attempts to assign causality. 

Patient 1 had more severe ocular damage, ortho- 
static hypotension, and diabetes mellitus than the 
other two patients despite her ingested dose of PNU 
having been less, that is, 780 mg (patient 1) versus 3-7 
gm (patient 2) and 1-5 gm (patient 3) However, 
patient 1 did not have emesis or develop diarrhoea 
after ingesting the poison, while the other two did. 
She waited 48 hours before going to a hospital 
emergency room. Presumably her absorbed dose of 
toxin was larger than those of patients 2 and 3. 

PNU appeared to alter the human electroretino- 
gram by preferentially extinguishing the b wave, and 
in patients 1 and 3 seemed to damage the retinal 
pigment epithelium. An animal model was needed 
that would demonstrate similar effects. Rodents were 
not tested, because they were extremely sensitive to 
the lethal effects of PNU. Rabbits are lagomorphs 
and phylogenetically closely related to rodents. 
Dutch Belted rabbits were chosen because their 
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retinal pigment epithelia were pigmented as was 
man's. Rabbit eyes are relatively large, allowing the 
ERG electrodes and equipment designed for use on 
patients to be easily adapted. When Dutch Belted 
rabbits were fed PNU, they developed both a selec- 
tive reduction in the ERG b wave and histological 
evidence of selective damage to the RPE. This 
damage to the RPE did not resuit in an ophthalmo- 
scopically identifiable pigment retinopathy, presum- 
ably because the experiments were too short, that is, 
the rabbits were maintained for no more than three 
weeks after receiving PNU, while patients 1 and 3 
developed pigment retinopathy more than four years 
after ingesting the poison. Behaviourally, the rabbits’ 
vision did not appear impaired. At the dose of PNU 
used Dutch Belt rabbits also had a fortuitous absence 
of diabetes mellitus and peripheral neuropathy. Thus 
they could be easily maintained. 

Oral administration of PNU to rabbits had the 
potential disadvantage of variable drug absorption 
from the gastrointestinal tract. More uniform blood 
and tissue levels should result from parenteral 
administration. However, intramuscular, retrobul- 
bar, intracarotid artery, and intraperitoneal injec- 
tions of PNU were without effect. As only oral PNU 
was toxic, it appeared that the drug had to be 
metabolised in the gastrointestinal tract to become 
active, presumably by the bacterial flora. Consistent 
with this theory was the prophylactic effect of oral 
gentamicin, a Gram-negative bactericidal antibiotic. 

L-Tryptophan was also tested as an antidote. 
Tryptophan is the amino acid precursor of nicotina- 
mide, a proved antidote of PNU’s lethal toxicity in 
rats.‘ Parenteral L-tryptophan did not prevent ocular 
toxicity from oral PNU. However, oral L-tryptophan 
did. This suggested that tryptophan was ineffective 
once the toxic metabolite was absorbed. Oral trypto- 
phan may have competed for the bacterial enzymes 
that converted PNU or competed for an uptake 
system responsible for the absorption of the toxic 
metabolite. 


Mildred Schmitterer, MS, of the Department of Ophthalmology, 
Mount Suna: Schoo! of Medicine, New York, prepared tissues for 
electron microscopy Drs Fred W Deckert, John R Udinsky, 
Edward Kilbourne, and Gerald M Smith of the Toxicology Depart- 
ment, Rohm and Haas Company, Spring Housc, Pennsylvania, 
generously provided PNU and many of its metabolites 

This study was supported by the Medical Research Service of the 
Veterans Administration, NEI Core Center EY-01867, and an 
unresineted grant from Research to Prevent Blindness, Inc 

This paper ms a condensation of a thesis prepared in partial 
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Ophthalmological Society 
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Confidence intervals for change in automated 
visual fields 


H DUNBAR HOSKINS, SCOTT D MAGEE, MICHAEL V DRAKE, 
AND MARTIN N KIDD 


From the Foundation for Glaucoma Research and University of California, San Francisco, USA 


SUMMARY Three successive fields of 136 eyes (86 patients) were extracted from our data base 
containing over 3000 visual fields performed on the Humphrey visual field analyser with program 
30-2. Series of fields in which the second field was depressed relative to the first were selected for 
analysis to determine how much change between the first two fields was required to predict a 
downward trend as confirmed by the third field in the series. The data were stratified with respect to 
initial field damage. Seven regions of the visual field were analysed including the upper and lower 
temporal and nasal quadrants, the superior and inferior Byerrum regions, and the whole field. 
Minimally damaged regions required between 4-7 and 5:6 dB change in mean sensitivity, whereas 
more damaged regions required between 5-5 and 7-2 dB change in mean sensitivity to have 95% ` 
confidence that the negative trend would be confirmed by the third field. The superior Bjerrum 
region was the most sensitive for the detection of change, and the lower temporal region was the 
least sensitive. We conclude from this series of data that large changes between two successive 
fields are required to be sure that the changes are due to disease rather than chance fluctuation. 


Where any doubt exists, the field should be repeated to confirm the reality of change. 


~ Analysing visual field progression 1s an important 
part of the management of patients with glaucoma. 
Unfortunately detecting progression reliably may be 
difficult. Factors such as short-term (intratest) and 
long-term (intertest) fluctuation, patient fatigue, 
patient learning curve, and attention span can cause 
transient visual field changes which may mimic 
improvement or deterioration of the overall visual 
field.“ Over a series of tests these factors should 
cancel themselves out, that is, errors in the positive 
direction and errors in the negative direction should 
be approximately equal, and overall mean sensitivity 
should stay roughly the same. In practice one must 
often repeat a visual field test several times before 
one can determine whether or not an increased 
depression is due to transient fluctuation or patho- 
logical deterioration. However, multiple visual field 
examinations require considerable expenditure of 
the patient's time and effort and may unnecessarily 
delay diagnosis. 
In an effort to improve our ability to recognise 
Correspondence to H Dunbar Hoskins, MD, Foundation for 
Research 


Glaucoma , 490 Post Street, Sute 1042, San Franczsco, 
CA 94102, USA 
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significant visual field deterioration we analysed a 
series of three visual fields to assess the predictive 
value of the second field in determining the likeli- 
hood of a decrease in sensitivity between the first and 
third field. 


Patients and methods 


We analysed the field of 136 eyes (86 patients), each 
of whom had at least three central 30° full threshold 
fields performed on the Humphrey visual field 
analyser with program 30-2. The patients were 
between 21 and 79 years of age (mean 54-7, SD 14-6) 
All patients had a corrected visual acuity of 6/12 
(20/40) or better and pupillary diameter greater than 
or equal to 3 mm at the time of each test. All patients 
had glaucoma, with some areas of visual field depres- 
sion present. The interval between the first and third 
field was between 4-6 and 30-5 months (mean 16-5, 
SD 5-4). 

For each individual field test the data were analy- 
sed by quadrant, superior and inferior Bjerrum area, 
and for the total field. Fig. 1 displays the regions 
analysed. The mean sensitivity (MS) in each region 
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LOWER BJERRUM 
Fig.1 Co-ordinate system for the Humphrey visual field 
analyser program 30-2. Each spot represents a threshold 
sensitivity measured in dB. The two spots marked with a solid 
box in the lower temporal quadrant were removed from the 
statistical analysis. The triangle represents the approximate 
location of the blind spot Points selected for the upper and 
lower Byerrum regions are shown in the lower part of the 
figure. 


was determined by adding the individual threshold 
values in dB and dividing by the number of values. 
The two points closest to the blindspot in the lower 
temporal region were eliminated from the analysis. 

Each series of fields was coded for each region as 
to possible relationships between fields 1, 2, and 3. 
Fig. 2 shows the possible arrangements of field 
scores. For the analysis we considered only series 
where a respective region of the second field was 
depressed relative to the first field. After this selec- 
tion 79 eyes were available for analysis. 

Regression models were constructed to determine 
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what regional change between the first and second 
field was required to predict that the third field would 
show a depression relative to the first field. 
Depression of the third field was defined as the MS of 
field 3 being 1 dB below that of field 1. Each region 
must have had a drop in total sensitivity of 1 dB times 
the number of spots in that region. This represented a 
19 dB total drop for the quadrant regions or a 74 dB 
drop for the entire field. 

The data were stratified in accordance with degree 
of field damage at the first field. Each region with an 
MS of greater than 25 dB was placed in one group 
labelled ‘minimal field damage’, and regions with an 
MS of less than or equal to 25 dB were placed in 
another group labelled ‘moderate field damage’. 


Results 


Table 1 displays the mean sensitivities and standard 
deviations for each of the regions where the second 
field was depressed relative to the first. 

Tables 2 and 3 report the results for the regression 
models studied to determine the amount of change 
required between the first and second fields to predict 


Table1 Summary of three fields for each region 


Quadrant First Second Third 

Mean SD Mean SD Mean SD 
UN 21-1 41 187 4-5 19-2 4-8 
UT 22:3 52 I9 8 5-9 20-7 57 
LN 24-2 40 21:8 4-9 22:2 49 
LT’ 26-0 3-2 23-9 41 24-6 40 
Total 22-6 49 20-6 54 209 54 
SB 214 39 19-1 38 19-6 42 
IB 24-5 3-6 22:5 40 Bl 42 


“With bind spot points removed UN=upper nasal UT=upper 
temporal LN=lower nasal LT=lower temporal SBosupcnor 
Bjerrum IB*infenor Bjerrum 


Table2 Model Drop MS field I to 2 versus change MS field 
1to 3. Minumally damaged fields 





Region m * Slope Intercept P 

UN 0 05 0-17 1 88 0-1772 
UT 0-22 0-27 1 60 0 0056 
LN 0-14 022 1 66 0-0145 
LT 005 0 12 175 0 1196 
Total 0 05 0 08 171 0-1941 
SB 007 0-19 198 01172 
IB 0 16 0-29 137 0 0035 
For abbreviations see Table 1 


Regression coefficients as predicted from each model. R*=R? 
value. Slope -- slope of best fit line through points Intercepte 
intercept of best fit line on the axis corresponding tà the dependent 
variable P=Probability that the slope is not equal to 0 
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Table3 Model. Drop MS field 1 to 2 versus change MSfield — Table4 Required change field 1 to 2n dB 
1to3. Moderately damaged fields 








Regon Degree of damage 
Regon R Slope Intercept p Mes 
Mirumal Moderate 
UN 030 0-34 1:85 00001 
UT , 02 0-33 2-40 0 0028 Upper nzsal : 650 
LN 023 0-30 243 0-0106 Upper temporal 4-74 6-91 
LT 0 05 0-10 232 0-3539 — Lower nasal 522 7-20 
Total 012 02 1 86 0-0276 Lower temporal * * 
SB 030 0-35 167 odos TOW eid e 
IB 0-16 021 2-09 0-0335 . Supenor Bjerrum * 576 
Infenor Bjerrum 785 5-55 


For abbreviations seo Table 1. See footnote to Table 2 
*No significant regreson model found for these regions 
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a downward trend in the series as confirmed by the 
third field. The regression equations were solved for 
the dependent variable (drop required between fields 
l and 2) by means of the change in MS between field | 
and field 3 as the independent variable. This value 
plus the product of the standard error of the model 
and the / statistic, adjusted for degrees of freedom 
and desired confidence interval, yields the upper 
confidence level for the point where the patient's field 
is confirmed as getting worse. 

Fig. 3 graphically displays the 95% confidence 
level for change from field 1 to field 2 required to 
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predict that field 3 will be depressed by at least 1 dB 
relative to field 1 in the upper temporal region of 
moderately damaged fields. Table 4 reports the 
amount of change in MS required between fields 1 
and 2 to predict with 95% confidence that field 3 will 
be below field 1 by at least | dB for each of the regions 
studied for both minimally and moderately damaged 
fields. 

Figs. 4 and 5 demonstrate plots of required change 
from fields 1 to 2 versus varying confidence intervals 
for confirmatory change in field 3 in minimally and 
moderately damaged fields. 





o CHANGE REQUIRED IN dB 


10 2 


Figs. 4and5  Plotsof drop in MS 
required to predict a downward 
trend ín the series as confirmed by 
the third field versus confidence 
intervals for this confirmation. 
Fig. 4shows required change in 
minimally damaged fields. Fig. 5 
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Discussion 


The visual field examination is but one of a series of 
tests and evaluations that ophthalmologists use to 
determine whether or not a patient's glaucoma is 
progressing. Our data indicate that, for eyes with 
visual acuity better than or equal to 20/40 and pupil 
size greater than or equal to 3 mm, a decrease in 
mean sensitivity of between 4 and 7 dB (depending 
on the region analysed) is required to predict with 
great reliability a continuing downward trend in 
sensitivity. The converse is also true: as the change 
from field 1 to 2 becomes smaller, the probability of a 
continuing downward trend is less. An average loss of 
3-2 dB in moderately to severely damaged fields 
corresponds to the 50% confidence interval. In other 
words, when the average loss per point in a given 
region between the first two fields in our series is 3-2 
dB, 50% of the time the third field will confirm the 
downward trend. 

It should be noted that no statistically significant 
regression model could be constructed for the lower 
temporal region, even when the two points closest to 
the blind spot were removed from the analvsis. This is 
due to the fact that there was very little deterioration 
between the successive fields in this region. 

What is perhaps most striking about our findings is 
that the degree of depression between the first and 
second fields must be quite extensive before the 
confidence level is high enough for the third field 
to confirm depression. If on the Humphrey field 
analyser a normal field might have an MS of 30 dB in 
a given quadrant, then approximately 20% (6 dB) 
loss of this sensitivity must occur to have a high 
predictive value. 

Large regions, namely, the entire field, require less 
change per spot, but more total loss, than smaller 
regions or individual points. In the analysis using 
moderately damaged fields the upper temporal 


Tee "n 
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quadrant required a 6-9 dB change per point, 
whereas the total field required only a 5-49 dB change 
per point to be 95% sure that a third field would 
confirm this downward trend. 

Less total change is required by region than by 
total field. From the above example the upper 
temporal quadrant requires a total change of 6-9 19 
points, or 131 dB, whereas the total field would 
require 5-49x74 points (excluding the two points 
nearest the blind spot), or 406 dB. Therefore analys- 
ing individual regions for change is more sensitive 
than looking at the entire field. 

More importantly, regional analysis may detect 
change that is not evident from full field analysis. as 
demonstrated by the fields in Fig. 6. In this series the 
drop in total mean sensitivity between fields | and 2 is 
3:5 dB. Field 3 is depressed relative to field 1 by 3-1 
dB indicating the 40-50% confidence level. How- 
ever, the lower Bjerrum region is depressed by 7-8 
dB. which represents the 99% confidence interval 
from our models. Field 3 confirms the change for this 
region. 

Change in mean sensitivity, even though large, 
may be due to fluctuation rather than pathological 
change. Figs. 7 and 8 demonstrate grey scales of two 
series of visual fields where the second field is 
depressed relative to the first by 3-95 dB (70% 
confidence) and 5-25 dB (92% confidence) respect- 
ivelv. The third field in both these series failed to 
confirm this downward trend. 

Regional analysis can confirm field deterioration 
suspected from looking at the entire field. Fig. 9 
shows a series of fields where the MS of the second 
field is depressed relative to the first by 5-22 dB (92% 
confidence). In this series the lower temporal 
quadrant is depressed by 6-74 dB in the second field, 
corresponding to the 99% confidence interval. This 
region confirms the loss suspected in the total field 
analysis at a very high confidence level. 
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Fig.6 Grey scales of three sequential visual fields performed on a 58-year-old male with glaucoma. There is a 3-5 dB change 
in total mean sensitivity between fields | and 2. The lower Bjerrum region shows a change in mean sensitivity of 7-8 dB which 
corresponds to the 97% confidence interval and is confirmed by the third field. 
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Fig.7 Grey scales of three sequential visual fields performed on a patient with primary open angle glaucoma. The mean 
sensitivity of the second field is depressed 3-95 d B relative to the first. The third field, performed four months later, has returned 
to nearly the same mean sensitivity as the first 

















Fig.8 Grey scales of three sequential visual fields performed on a 61 -vear-old patient with primary open angle glaucoma 
The second field is depressed 5-25 dB relative to the first, but the third field has returned to a mean sensitivity 0-82 dB greater 
than the first 


30° 





Fig.9 Grey scales of three sequential visual fields performed on a 76-year-old male with glaucoma. The 5-22 dB drop in 
g / 


mean sensitivity was confirmed with a third field. The upper and lower temporal quadrants changed in mean sensitivity by 6:26 
and 6-74 dB respectively, corresponding to 95% confidence intervals as predicted by our models for moderately damaged 


fields 


Werner et al.’ presented data suggesting that long- subsequent tests. It was also shown that fluctuation 
term fluctuation at any single point could exceed increases with eccentricity and with amount of 
35% . Thus a moderately damaged point correspond- — damage." ' Our data confirm these findings. We also 
ing to 23 dB could fluctuate 8 or more dB between recognised that greater change is required to reach 
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the 9596 confidence level in more severely damaged 
visual fields (Table 4). 

Greater numbers of field examinations will lend 
themselves to more precise statistical analysis. How- 
ever, time, cost, and the patient's endurance limit the 
numbers of fields that can reasonably be performed. 
We have examined the methodology followed by 
many practitioners, that is, the sequential com- 
parison of routinely collected visual fields. We are 
not advocating this as the best use of computerised 
perimetry, but rather are indicating the magnitude of 
change required if the practitioner wishes to use this 
technique. 

Arguments can be made that two or three baseline 
fields performed within a short period of time would 
provide a better starting point for recognition of 
change. This may be so but remains to be proved. 
Until then practitioners need to recognise the poten- 
tial fluctuation in visual fields over time. 

In practice one analyses multiple factors when 
making therapeutic decisions about glaucoma 
patients. The most prominent of these factors 1nclude 
the patient's intraocular pressure, the cup to disc 
ratio, the presence or absence of optic disc haemorr- 
hage, and visual field deterioration. Unfortunately, 
data on the predictive validity of these factors are 
incomplete. ` 

If doubt exists about the results of a particular field 
test, it is wise to repeat the test reasonably soon to 
obtain confirmation. 
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The visual field examination measures a biological 
function, and fluctuation is to be expected in the 
results. It is our goal to create an awareness of the 
magnitude of this fluctuation as it occurs in an actual 
clinical setting. 


References 


1 Flammer J, Drance SM, Augustiny L, Funkhouser A Quantifica- 
ton of glaucomatous visual field defects with automated 
perimetry Invest Ophthalmol Vis Sci 1985, 26: 176-81 

2 Flammer J, Drance SM, Zulauf M Differential hght threshold 
short- and longterm fluctuations in patents with glaucoma, 
normal controls, and patients with suspected glaucoma Arch 
Ophthalmol 1984, 102: 704-6 ` 

3 Flammer J, Zulauf M The frequency distributions of tbe devia- 
tons m static penmetry In Heyl A, Greve EL, eds Proceedings 
of the 6th international visual field symposium Dordnect: Dr W 
Junk, 1985 

4 Rabineau PA, Gloon BD, Tobler HJ Fluctuations in threshold 
and effects of faugue in automated static penmetry In Heyl A, 
Greve EL, eds Proceedings of the 6th international visual field 
symposium Dordnect Dr W Junk, 1985 

5 Werner EB, Bishop KI, Sherman C Visual field variability in 
stable glaucoma patients Presented at the 7th Internabonal 
Visual Field Symposium, Amsterdam, September 1986 

6 Heyl A, Lindgren G, Olsson J Vanability of computerzed 
threshold measurements across the central field in a normal 
populanon Presented at the 7th Internatonal Visual Field 
Symposium, Amsterdam, September 1986 

7 Langerhorst CT, van den Berg TILP, Greve EL Shortterm and 
longterm fluctuation of thresholds m automated penmetry in 
normals, ocular hypertensives, and glaucoma patents. Presented 
at the 7th International Visual Feld Sympomum, Amsterdam, 
September 1986 


Accepted for publication 4 June 1987 


British Journal of Ophthalmology, 1988, 72, 598—600 


Dopamine-2 receptor blockade does not affect the 
ocular hypotensive action of timolol 


QAIS A MEKKI AND PAUL TURNER 


From the Department of Clinical Pharmacology, St Bartholomew’s Hospital Medical College, London 


ECIA 7BE 


SUMMARY We have shown that metoclopramide, a dopamine-2 antagonist, failed to antagonise 
the ocular hypotensive action of timolol. The practical implication of combining dopamine agonists 
with B-adrenoceptor antagonists in the treatment of glaucoma is discussed. 


Mechanisms other than B-adrenoceptor antagonism 
were suggested by some workers involved in the 
mechanism of hypotensive action of timolol in the 
eye The p-isomer of timolol (p-timolol) was shown 
to have potent ocular hypotensive action in animals 
associated with minimal classical B-adrenoceptor 
antagonistic action.'? Watanabe and Chiow showed 
that incubation of the rabbit ims root ciliary body 
preparation with timolol resulted in a decrease in 
dopamine content when compared with control 
preparations. Alcondon ef al.‘ showed that pretreat- 
ment of rabbit eyes with atropine significantly antag- 
onised the ocular hypotensive action of timolol and 
propranolol. 

Mekki ef al.7 showed that stimulation of 
dopamine-2 receptors can reduce intraocular 
pressure (IOP) in man. Mekki and Turner! and Lavin 
and Andrews! have also shown that the two 
dopamine receptor blockers, metoclopramide and 
haloperidol, have no ocular hypotensive action in 
man, though metoclopramide antagonises the ocular 
hypotensive action of bromocnptine.’ 

We have investigated whether stimulation of 
dopamune-2 receptors is involved in the mechanism 
of the ocular hypotensive action of timolol by observ- 
ing the effect of blocking these receptors with 
metoclopromide prior to the administration of 
timolol. 


Subjects and methods 
Six healthy volunteers, three males and three 
females, aged 22-35 years participated in this study. 


None had a history of asthma or wore contact lenses. 


Correspondence to Professor P Turner. 


Each volunteer attended on three occasions one 
week apart at the same time of day. In each session 
baseline measurements of intraocular pressure (IOP) 
were taken by non-contact tonometry’ and followed 
by one of three treatments: placebo, timolol alone, or 
metoclopramide followed by timolol Three IOP 
measurements were taken at each time point and the 
mean was recorded. The treatment administration 
was arranged as follows: an intravenous injection of 
either metoclopramide 10 mg or matching placebo 
was given, folowed 15 minutes later by one drop of 
timolol 0-596 or placebo into the conjunctival sac of 
the left eye only, resulting in the three combinations. 
The treatments were given double-blind balanced 
design based on two Latin squares. IOP was then 
measured at one and at two hours after instillation of 
timolol eye drops. The study has been approved by 
the local Ethics Committee. 

The baseline readings were compared by 2-way 
analysis of variance, and within-subject comparison 
revealed no statistical difference between the three 
trial sessions. The areas under the post-treatment 
response versus time curves for each subject on each 
treatment were calculated and compared by analysis 
of variance. The areas under the curves are presented 
in Table 1. 


Results 


A graphical representation of the IOP responses is 
shown in Fig. 1. Timolol resulted in a significant fall 
of IOP when compared with placebo on both occa- 
sions, that is, alone (p« 0-05) and after metoclopra- 
mide (p<0-01). There was also a small decrease of 
IOP in the right (untreated) eye, but this did not 
reach statistical significance. 
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Table1 Areas under the post-treatment intraocular 
pressure response versus tine curves 


Subject Placebo Timolol Metoclopramide 
and timolol 

Lefi eye 

1 8-5 67 63 

2 59 3-9 35 

3 99 9-5 9-5 

4 109 72 5:5 

5 9-7 9-7 95 

6 8-0 7-7 64 

Right (untreated) eye 

1 8-3 74 8-7 

2 89 5-7 5-7 

3 15-7 125 155 

4 10-5 8-7 82 

5 115 9-7 12:2 

6 92 9-5 84 


There was no difference between the two 
responses to timolol: F(1,10) 20-09, p>0-35. 


Discussion 


We have investigated the effect of pretreatment with 
metoclopramide on the ocular hypotensive action of 
timolol. As the aim of this experiment was not to 
confirm the absence of an ocular hypotensive action 
of metoclopramide’ or to study other interactions, 
we did not include an additional treatment with 
metoclopramide alone. 

These results show that pretreatment with 
metoclopramide, a selective dopamine-2 receptor 
antagonist, did not affect the ocular hypotensive 
action of timolol. We therefore conclude that stimu- 
lation of dopamine-2 receptors does not have an 
important role in the mechanism of action of timolol 
in lowering IOP. In high concentrations metoclopra- 
mide can also block dopamine-1 receptors," but 
even if this occurred in our study it did not affect the 
ocular hypotensive action of timolol. The dose of 
metoclopramide used was the same as that which 
blocked the action of bromocriptine in our earlier 
study." 

Although results from animal experiments show 
that dopaminergic blockade can be associated with 
an ocular hypotensive action,” "° and that the action 
of timolol may be related to the dopaminergic 
system, it seems that this is unlikely in man 

Bromocriptine and timolol, therefore, lower IOP 
by different mechanisms. This finding is not merely of 
academic interest. One or more dopamine agonists 
may be introduced for the treatment of glaucoma. If 
so, a combination with a B-adrenoceptor antagonist 
may result 1n potentiation of the ocular hypotensive 
action. 
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Fig.1 [OP changes (meant SEM) after (D) 
metoclopramide and umolol, (O) amolol alone, and (8) 
placebo. 
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In open angle glaucoma 
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beta blocker alone 
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a long-term additive effect 
to timolol is reliably maintained.’ 


Propine avoids the miosis and 
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Long-term visual results after pars plicata lensectomy- 
vitrectomy for congenital cataracts 


STEPHEN A GROSSMAN!'! AND GHOLAM A PEYMAN: 


From the 'Department of Ophthalmology, Eye and Ear Infirmary, University of Illinois College of Medicine at 
Chicago, and °S U Eye Center, Louisiana State University Medical Center School of Medicine, New Orleans, 
USA 


SUMMARY We performed a pars plicata lensectomy-vitrectomy on 32 patients (47 eyes) with 
congenital cataracts. Ocular abnormalities, mainly nystagmus, strabismus, and microphthalmia, 
were present in 29 patients. No complications occurred intraoperatively or postoperatively in 39 
eyes with up to 8/4 years’ follow-up (average 2-2 years). The pars plicata approach is a good 


surgical technique for the management of congenital cataracts. 


Congenital and early developmental cataracts have 
resulted in a large percentage of cases of childhood 
blindness.'? The surgical management of such eyes 
has been debated in the literature for over 50 years. 
Early techniques such as discission, linear extraction, 
and intracapsular extraction were plagued by a 
persistently high rate of surgical complications. 
More recently the discussion and aspiration technique 
for congenital cataracts has been advocated.*" 
However, the inadence of complications with this 
technique, including vitreous loss, secondary 
glaucoma, retinal detachment, and, in particular, 
secondary membrane formation, remains quite high. 
Despite the use of phacoemulsification instruments, 
postoperative complications often necessitated addi- 
tional procedures during the critical period of visual 
development." 

A major innovation in the management of con- 
genital cataracts has been the application of auto- 
mated vitrectomy instruments.” Both translimbal 
and transcihary body approaches are in use. 
While the anterior segment approach through the 
limbus may effectively produce an optically clear 
visual axis, the procedure is complicated by a high 
incidence of cystoid macular oedema and by vitreous 
incarceration in the limbal incision.?? We have 
performed pars plicata lensectomy-vitrectomy in 
congenital cataracts for over 12 years with good 
surgical results and a low incidence of postoperative 
cystoid macular oedema.”* This report descnbes 
the long-term visual outcome of infants and juveniles 
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who have had congenital and developmental 
cataracts managed with this approach. 


Matertal and methods 


Thirty-two patients (47 eyes) were referred to the 
vitreous service of the University of Illinois Eye and 
Ear Infirmary between 1974 and 1986. Six patients 
between the ages of 5 weeks and 18 years had a 
unilateral cataract. In only one was an autosomal 
dominant mode of inheritance suggested by family 
history; no aetiology was identified for the remaining 
five patients. 

Twenty-seven patients between the ages of 3 weeks 
and 10 years had bilateral cataracts. Bilateral 
lensectomy-vitrectomy was performed in 15, while 10 
of the remaining 11 patients underwent another 
procedure on the contralateral eye. In five patients 
the congenital cataracts were attributed to maternal 
infection with rubella. All five also had micro- 
phthalmia. Three of these patients had valvular heart 
defects, deafness, and mental retardation as well. 
Three patients had dominantly inherited congenital 
cataracts. In addition one patient had Down's syn- 
drome, another had mental retardation and a seizure 
disorder, and a third was diagnosed with Peters' 
anomaly. Among the other patients one was born 
with raised titres to cytomegalovirus; one had a 
congenital herpesvirus infection resulting in hydro- 
cephalus, severe mental retardation, and cataracts; 
and one had microphthalmia with cataracts and 
multiple craniofacial anomalies. 

Before surgery, whenever possible, all eyes were 
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examined for corneal size, intraocular pressure, 
clarity of the media, and visual acuity. Muscle 
balance and the presence of nystagmus were noted. 
None had undergone previous surgery. All pro- 
cedures were performed with the patients under 
general anaesthesia. 


SURGICAL PROCEDURE 

The eye was maximally dilated preoperatively. After 
surgical preparation and sterile draping 4—0 black silk 
sutures were used to retract the eyelids. The con- 
junctiva was opened through a limbal peritomy, and 
bridle sutures were placed beneath the rectus 
muscles. In infants a 3-5 mm long sclerotomy was 
made 2-0 to 2-5 mm behind and parallel to the limbus 
with a no. 67 Bard-Parker blade. In older children the 
sclerotomy was made 3 mm from the limbus. 

The ciliary body was exposed at the sclerotomy site 
and gently diathermised. A 5—0 polyglactin 910 
(Vicryl) or 7-0 polyfilament (Supramid) mattress 
suture was passed through the sclerotomy and tied 
with a loose double-throw knot. A 52-s Beaver blade 
was inserted into the lens with a slicing motion and 
removed for insertion of a wide-angle Peyman vitro- 
phage.” If the blade did not easily penetrate the 
centre of the lens (rare in children), a Peyman lens 
fragmentor was used to pulverise the lens nucleus for 
about 60 seconds.” The wide-angle cutter was placed 
in the eye, the knot was tightened, and the lens 
material was cut and aspirated. The lens capsule was 
not removed until the entire nucleus and cortex were 
aspirated. The lens material behind the iris was 
sucked into the vitrophage and brought into the 
pupillary space to be cut and removed, followed by 
the anterior and posterior capsule. 

If the pupil did not dilate, a sector iridectomy 
was performed with the vitrophage. An anterior 
vitrectomy was preceded by a deep vitrectomy con- 
fined to the central core down to the optic disc. A 
modified Goldmann posterior pole lens and an 
operating microscope were used for direct visualisa- 
tion. The vitrophage was then removed, and the 
scleral mattress suture was tightened until the 
sclerotomy was watertight. If the eye was soft, 
intraocular pressure was re-established with an injec- 
tion of normal saline solution through the sclerotomy 
site into the vitreous chamber with a 30-gauge 
needle. The conjunctiva was closed with 6—0 plain 
catgut, and atropine and Maxitrol (neomycin, poly- 
mixin B, and dexamethasone) drops were instilled, 
and patch and shield were placed. 


Results 


Our follow-up has ranged from one week after 
discharge to 11 years (average 2-2 years). Nineteen of 
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our patients were seen for follow-up at our institution 
for less than two years. However, the median visual 
acuity of those receiving visual rehabilitation for at 
least two years was 20/100. The patients’ best 
corrected visual acuities were recorded preopera- 
tively and at the time of the last visit. 

No surgical or postoperative complications occur- 
red in 39 eyes. Two patients had transient corneal 
oedema postoperatively that resolved spontaneously 
over several days. One patient had transient corneal 
oedema and intravitreal bleeding from the iris. The 
child with Down’s syndrome had bilateral cystoid 
macular oedema noted by fluorescein angioscopy 
four months postoperatively, which cleared by 32 
months. One case of increased intraocular pressure 
and iritis in the immediate postoperative period 
responded to acetazolamide and steroid drops. Three 
months postoperatively this patient suffered a retinal 
detachment that was treated successfully with a 
sclera] buckle and cryotherapy. One eye had a retinal 
dialysis intraoperatively. Another patient had a 
retinal detachment two weeks postoperatively; both 
conditions were treated successfully. No other retinal 
detachments were observed up to 8% years after pars 
plicata lensectomy-vitrectomy (Table 1). 

Of the 10 patients whose contralateral eye had a 
procedure other than the pars plicata lensectomy- 
vitrectomy, five had secondary membrane forma- 
tion. Discission and aspiration in one such case 
resulted in increased intraocular pressure, choroidal 
atrophy, and fibrous ingrowth of the cornea; post- 
operative visual acuity was light perception. The 
right eye, which underwent a pars plicata 
lensectomy-vitrectomy, suffered no complications; 
postoperative visual acuity was 20/60. 

None of the patients whose contralateral eye had 
an alternative procedure had a better final visual 
acuity in that eye than in the eye that had pars plicata 
lensectomy-vitrectomy (Table 2). 

Results of the long-term outcome in our monocu- 
lar cases are hindered by a lack of follow-up informa- 
tion However, the children with acquired monocular 
cataracts who were operated on at ages 4, 18, and 10 
years, respectively, showed an improvement of 5 and 
6 lines on the Snellen chart in two cases and from 
counting fingers to 20/50 in the third. There was one 
case of a choroidal detachment postoperatively that 
resolved after six weeks (Table 3). 

All but four patents with bilateral congenital 
cataracts had nystagmus, strabismus, or both. Two 
(patients 14 and 23) had a visual acuity of 20/200 
preoperatively. One (patient 13) with central, 
steady, and maintained vision preoperatively was 
operated on after 3 years of age. Severe mental 
retardation in the fourth patient (patient 8) made 
accurate visual assessment difficult. 


Long-term visual results after pars plicata lensectomy-vitrectomy for congenital cataracts 








Table1 Bilateral congenital cataracts treated with pars plicata lensectomy-vitiectomy in both eyes 
Visualecuityt 
Patient Ageat Follow- 
no Eye Procedure* surgery Aetiology up Preop Follow-up Complications Comments 
1 OD PPLV 44mo Rubella 18mo Noview CNSNM None Pendularnystagmus 
OS PPLV 44mo Noview CNSNM None 
2 OD PPLV 7wk Rubella 12mo Novew CNSM None Fine pendular nystagmus 
OS PPLV IOwk Noview CNSM Trannentcornealoedema  Rightesotropia 
3 OD PPLV 45yr Rulxlla lwk | Novew LP None Pendularnystagmus 
OS PPLV 4-5yr Novcw LP None Right esotropxa 
4 OD PPLV 6mo Autosomal 6yr Novicw 20/60 Tramsentcornealoedema | Occtusion nystagmus 
OS PPLV 8mo dominant Novicw 20/60 None Left extropia, high myopia 
5 OD PPLV 13wk — Ichopathic 4mo  Novew CNSM None Pendularnystagmus 
OS PPLV l6wk Noview CNSM None 
6 OD PPLV ]3wk  Idsopathic 4mo Novicw CNSM Retinal dialysis Pendular nystagmus 
OS PPLV l6wk Novew CNSM None 
7 OD PPLV limo Idiopathic 5mo | Novew CNSM None Fine pendular nystagmus 
OS PPLV 9mo Noview CNSM None 
8 OD PPLV l2wk Herpesvirus, 2yr Novicw CSM None Straight without nystagmus 
OS PPLV 9wk retardation Novew CSM Nonc 
9 OD PPLV 10mo Autosomal lyr Nowew CSM None Left esotropia 
OS PPLV 8mo dominant Novicw CSM Retmal detachment 
10 OD PPLV l4wk Idiopathic 6mo Nowew CNSM Nonc Pendular nystagmus 
OS PPLV l6wk Noview CNSM None 
il OD PPLV 9wk Cytomegalovirus 45yr Noview 20/60 None Fine pendular nystagmus 
OS PPLV 1Owk Noview 20/60 None Right esotropia 
12 OD PPLV 8yr Retardation, 3yr 20/400 20100 None Nystagmus 
OS PPLV 10yr somures 20/400 20/100 None Alternatingexotropu 
13 OD PPLV 37mo = Idwpathic 25yr CSM 2010 None Strught without nystagmus 
OS PPLV 40mo CSM 2010 None 
14 OD PPLV Syr  Id»opathic lyr 20/100 20/30 None Straight without nystagmus 
OS PPLV 45yr 20/200 2040 None 
15 OD PPLY 8yr Idopathic 3yr HM 20/200 None Loft exotropta 
OS PPLV 9yr HM HM Retmal detachment, ints 





*PPLV indicates pars pheata lensectomy-vitrectomy 


TPreop indicates preoperative, CNSMM, central, but neitberstegdy nor mamtiuned fixation, CNSM, central, not steady, but mamtained 
fixation, LP, light perception, CSM, central, steady, maintained fixation, HM, hand motion. 


Discussion 


The pars plicata approach is an advantage to the pars 
plana procedure in children." An incision made in 
the pars plana of young children may increase the risk 
of retinal detachment. Because the pars plicata is 
further anterior from the vitreous base and ora 
serrata, the risk of retinal detachment is lessened. 
The pars plicata approach also has many advantages 
over the translimbal approach. The pars plicata 1s in 
the direct axis of the lens, allowing for more complete 
removal of lenticular matenal. In contrast to the 
limbal approach, the cornea is not manipulated 
during surgery. Deep visualisation of the fundus 1s 
possible with a modified Goldmann lens, and lens 
fragments in the vitreous can be removed, thus 
preventing persistent inflammation postoperatively. 
An extensive vitrectomy also prevents pupillary 
block glaucoma resulting from a vitreous prolapse 
into the anterior chamber. Lastly, the vitreous is 
removed without trauma to the ins, which has been a 
suspected cause of cystoid macula oedema.” 


The visual outcome after surgery for congenital 
cataracts also depends on the age of the patient at 
surgery, the density of the lens opacity, the period 
over which the cataracts developed, the presence of 
nystagmus or other ocular abnormalities, and the 
postoperative management. In our population a 
large percentage of cataracts in infants and young 
children was not discovered until many months after 
birth. Only six (19%) of our patients had cataracts 
identified and operated on before 3 months of age. 
Recent studies by Gelbart and associates” and by 
Rogers and coworkers” emphasise the need for 
surgery to be performed in the first eight weeks of life 
to achieve optimal visual rehabilitation of infants 
with dense bilateral cataracts. 

Although we could not determine the time over 
which the lens completely opacified, 12 eyes (67%) 
with no view of the fundus preoperatively had a visual 
acuity no better than central fixation by age 212 years 
(Table 4). Conversely, eight eyes (53%) with incom- 
plete cataracts and at least central fixation pre- 
operatively bad a preoperative visual acuity of 20/60 
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Table2 Bilateral congenital cataracts in which one eye had pars plicata lensectomy-vitrectomy and the connalateral eye 
anotherprocedure 











Visual acuity} 
Patient Ageat Follow- ————____ 
"o Eye Procedure" surgery Aenology up Preop Followup Complications Comments 
16 OD PPLV 6mo Idiopathic Zyr Noview CNSM None Fine pendular nystagmus 
OS D&A Smo Nowew NCNSNM Postenorcapsularplaque Intermittent left exottopia 
17 OD PPLV 31wk Down's 6yr Novew CNSNM  Cystoximacularoedema Nystagmus 
OS D&A 32wk syndrome Noview CNSNM  Cystoimscularoedema — Rughtesotropia 
18 OS PPLV 3wk Rubella 3yr Noview 20/100 None Fine pendular nystagmus 
OD I&A 4wk Noview 20/100 None 
19 OS PPLV lyr Multiple lwk Noview Clearview None Pendularnystagmus 
OD I&A 9mo anomahes Noview Clearview Secondary membrane 
20 OD PPLV mo Peters’ 16mo Noview CNSNM None Coarse pendular nystagmus 
OS Sector 15mo anomaly Noview CNSNM None 
21 OD PPLV 4-Syr Rubella lwk LP LP Tranmentcornealoedema Pondularnystagmus 
OS None LP LP Bleeding iris Right esotropia ^ 
22 OD PPLV 4yr Autosomal 1lyr Noview 20/60 None Left caotropra 
OS D&A 8mo donimant Noview LP Glaucoma, fibrous ingrowth 
23 OS PPLV Syr  Idxopathuc 7yr 20200 2040 None High myopia, straight 
OD D&A 7yr 20/200 20/60 Secondary membrane without nystagmus 
24 OD PPLV Syr Idiopathic None 2080 2040 None Loftexotropia 
OS Phaco 5yr 20/400 20/200 Nonc 
25 OD PPLV lyr Icbopatine 85yr CSM 210 None Pendular nystagmus 
OS Phaco lyr CSM 29400 Secondary membrane Leftexotropua 
26 OS PPLV 22mo Idiopathic 5yr CSM 2030 None 
OD D&A 16mo CSM 2040 Secondary membrane Right exotropia 





*PPLV indicates pars plicata lensectomy-vitrectomy, D & A, disczsson and aspiration, I & A, urmngabon and aspiration, Phaco, 
phacoemulsification 
fPreop mdycates preoperative; CNSM, central, not steady, but maintained fixation, NCNSNM, nesther central, steady, nor mamtained 


fixation, CNSNM, central but nexther steady nor maintained fixation, LP, hght perception, CSM, central, steady, mamtained fixation, HM, 
band motion. 


Table3 Monocular congerutal cataracts removed by pars plicata lensectomy-vitrectomy 








Visual acuuy* - 
Case Ageat Follow-up, | ————————————— 
no Surgery — Aetiology mo Preop Follow-up Complications Comments 
1 4yr Ichopathic 14 20400 2060 None 
2 5wk Idiopathuc 4 Noview CNSNM None Vanable esotropia 
3 6mo Tdtopathic 8 No view CSM None Left esotropia 
4 10yr Ichopathic 1 Count fingers 20/50 None 
5 18yr Idyopathic 1 20/200 20/40 None 
6 5wk Autosomal dorunant 2 No view Clear view Choroidal detachment 





*Preop mdicates preoperative, CNSNM, central but neither steady nor maintained fixation, CSM, central, steady, and mauntamed fixation 


Table4  Ageat surgery and visual results after pars plicata Table5  Ageatsurgery and visual results after pars plicata 





lensectomy-vitrectomy for total cataract (n= 18)* lensectomy-vitrectomy for incomplete cataract (n= 15)* 

Age Age, yr 
Final visual acuity 0-3Mo 3-12Mo 1-2Y¥r z2Yr % Final viel acuity 0-1 1-2 2-4 24 * 
Light perception - - - 3 17  Handmotonto 207200 1 7 
CSM fixation to 207100 2 4 1 2 50 20200-20100 1 7 
2100-20760 1 - - - 5  29100-20/60 H 2 2 33 
20/60 2 2 ew i 28 = 20460-2030 i 7 53 





“Includes those pabents with ‘no view’ preoperatively and follow-up — *Includes those pabents with at least fixation capability 
pest age 254 years preoperatively 
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or better (Table 5). These results agree with the 
findings of Francois? that 50% to 70% of cases with 
complete congenital cataracts had a postoperative 
visual acuity of less than 20/200, while 35% to 87% of 
cases with incomplete congenital cataracts had a final 
visual acuity of greater than 20/60. 

Nystagmus, the most common ocular abnormality 
associated with bilateral visual deprivation amblyo- 
pia, occurred in 17 (65%) of our patients.'?** None 
achieved a visual acuity of better than 20/60. 
Although the amplitude of the nystagmus decreased 
during follow-up in some cases, it never resolved 
completely. Gelbart and associates," Rogers and 
associates," and Parks? noted the development of 
pendular nystagmus in infants with bilateral congeni- 
tal cataracts by 12 to 13 weeks of age. This may 
represent the critical period at which irreversible 
amblyopia begins.” * 

Strabismus occurred with bilateral congenital 
cataracts in 14 (54%) of our patients. Gelbart and 
colleagues” reported esotropia in 21 of 24 patients 
with congenital cataracts despite early surgery and a 
short interval between operations for each eye. A 
recent Russian study of children with bilateral aphakia 
demonstrated strabismus in 50 of 52 patients.* 
France and Frank” described a 58% incidence of 
esotropia preoperatively; an additional 21% were 
identified after lens aspiration, refractive correction, 
and patching therapy. 

Our experience with monocular congenital 
cataracts removed by pars plicata lensectomy- 
vitrectomy has been limited However, our three 
children with incomplete cataracts and no strabismus 
at the time of surgery regained useful vision, a finding 
consistent with that in the literature." Recently, 
Beller and Hoyt bave reported good visual results in 
eight of 11 infants who were operated on within the 
first six weeks of life, corrected frequently with 
extended-wear contact lenses, and treated with 
careful patching monitored by visual evoked 
potentials." 

Despite advances in our understanding of amblyo- 
pia in animal models and in humans, the manage- 
ment of both monocular and binocular congenital 
cataracts remains a tremendous clinical challenge. 
We have performed pars plicata lensectomy- 
vitrectomy for congenital cataracts in 32 patients. All 
retained a large clear pupillary space for the follow- 
up period. As in other studies, ocular abnormalities, 
including nystagmus, strabismus, and microphthal- 
mia, have contributed adversely to the visual 
outcome.!*37 *2* Qur long-term results are com- 
parable to those found in the literature. * ^»» 
Despite the risk of retinal detachment, the pars 
plicata approach is a good surgical technique for the 
management of congenital cataracts. 
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A 10-year survey of penetrating eye injuries in Gwent, 


1976—85 


WN WYKES 


From the Department of Ophthalmology, University Hospital of Wales, Heath Park, Cardiff CF4 4XW 


SUMMARY A retrospective survey was performed of all penetrating eye injuries in Gwent from 
1976 to 1985. It included 171 eyes. The results showed a gradual decline in all penetrating injuries 
and not just those due to road traffic accidents. An analysis of the cause and prognosis is given. 


There have recently been several surveys of penetrat- 
ing eye injuries in relation to the seat belt law which 
took effect in February 1983. These cover short 
periods before and after the introduction of the law 
and examine only road traffic accident cases (RTAs). 
Other surveys before 1976 have examined periods of 
several years and categorised the type of injury most 
prevalent in the population at the time.” 

The present survey was conducted to evaluate a 
clinical impression that apart from the fall in RTA 
injuries there has been a gradual decline in the 
number of penetrating injuries generally over the last 
few years and to examine any changing pattern of 
aetiology. The survey was conducted by examining 
the notes of all patients requiring surgery for pene- 
trating injuries at St Woolos Hospital, Newport, 
Gwent. This is the sole unit for inpatient ophthalmic 
care in Gwent and has a current catchment popula- 
tion of 440 000. 


Materials and methods 


The survey included 171 eyes of 169 patients and 
-covered the period 1 January 1976 to 31 December 
1985. Patients were included in the study by examina- 
tion of the operation books for this period and tracing 
the notes of all cases relating to ocular injury. Only 
those with penetrating injury were then included in 
this study. For each patient the age, sex, eye injured, 
aetiology, surgery, and final visual outcome were 
recorded, where available. Four sets of notes were 
not found (Table 1). These cases have not been 
included ın any of the figures. 
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Results 


Age and sex. There was a marked preponderance of 
male patients throughout the age range. The overall 
numbers were 147 males and 22 females, a ratio of 
approximately 7:1. Fig. 1 shows the age distribution 
ofthe two sexes and that the male incidence is highest 
in the second to fourth decades. The female incid- 
ence is highest 1n the first two decades. In three male 
patients the age was unrecorded. The right eye was 
involved in 82 cases (4896), and the left in 89 cases 
(52%). 

Aenology. Yn all but two cases the aetiology was 
recorded. In children play and sport were the com- 
monest cause of injury, accounting for 79-2% of all 
cases under 16 years, with home accidents (14-696) 
and assault (6-296) accounting for the remainder 
(Fig. 2). Within the play and sport group are included 
12 cases (2596 of injuries under 16 years) due to darts, 
the commonest single factor in this group. Two of the 
cases over 16 years were also due to dart injuries. The 
incidence of dart injuries remained fairly constant 
throughout the survey and-went against the general 
trend. 

In adults industrial accidents were the commonest 





Tablel Notes nottraceable 

Year Sex . Desenption 

1977 Male Left enuckeation and facial suturing 
1962 Maie Age 29, penetrating injury 

1982 Male Penetrating injury, prolapsed irs 
1982 Male Penetrating injury 
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Fig.1 Distribution of injured patients by age and sex. 


cause, accounting for 53% of all cases over 16 years, 
while RTAs accounted for 21-3%, mainly in the 
16-24 age group (6895 of RTAs) (Fig. 2). The 
remainder were due to home accidents (12%), adult 
sport (6%), and assault (7-775). In three cases—one 
RTA and two industrial accidents—the age was 
unknown. 

Temporal trends. One of the main aims of the 
survey was to see whether there was a gradual decline 
in injuries apart from RTAs. The seat belt law came 
into effect during the time period of the survey. Fig. 3 
shows the total number of penetrating injuries for 
each year and the number minus those due to RTAs. 
This shows a steady decline in all injuries, particu- 
larly in 1984 and 1985, and shows the same trend 
when the RTA figures are removed. The RTA cases 
themselves show a steady decline before the seat belt 
law was introduced, and only two cases since, both in 
late 1983. 

There was a steady decline in industrial accidents 
during the 10-year period (Fig. 4, Table 2). There has 
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Fig.3 Penetrating injuries and road traffic accidents. 


also been some decline in play and sport injuries 
among children. However, the injuries due to darts 
(14 injuries, 12 in children under 16 years) show no 
trend. The injuries due to adult sport and assault 
show no overall trend (Table 2). 

Visual prognosis. Examination of the final visual 
acuities revealed that nearly half the eyes (43-375) 
regained a visual acuity of 6/12 or better (Table 3). 
However, almost a quarter (24:576) of the patients 
were completely blind—that is, had no perception of 
light (6-4% )—or had the eye enucleated (18:176). 

Primary enucleation was performed in three cases 
owing to extensive injuries. The indications for the 
remaining 28 enucleations are given in Table 4. Of 
the causes of injury in the total of 31 enucleations 
play and sport (8) and industrial accident (8) were the 
commonest, with RTA (4), home accident (4), 
assault (4), and adult sport (3) accounting for the 
rest. Five of six eyes injured by airguns were 
enucleated, reflecting the severity of this type of 
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Fig.2 Aetiology of ocular injury. 
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injury. Eleven of the eyes enucleated were in patients 
under 16 years old. 

Sympathetic ophthalmitis occurred ın four 
patients, one of whom, aged 6, presented with 
sympathetic ophthalmitis after a dart injury 10 days 
earlier. Of the other three, one had been involved in 
an RTA, one had been hit by a steel band at work, 
and one had been hit by a piece of wood. 

Further operations. Seventy-sm eyes (44-496) 
underwent further surgery, some having as many as 
four operations in all (Table 5). Cataract extrac- 
tion (29-699) and enucleation (25-996) were the 
commonest operations. Other operations included 
trabeculectomy, resuturing of the conjunctiva after 
enucleation, and plastic surgery of the lids. 

Intraocular foreign bodies ‘Thirty-seven cases 
(21-6%) were of retained intraocular foreign bodies. 


Table2  Causeof injury by year 
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Hammering injuries accounted for over half (56-896) 
of these (Table 6). A further fifth (18-996) were due 
to various causes involving small fragments of metal. 


Discussion 


The incidence of penetrating eye injuries due to 
RTAs has been shown to have fallen since the 
introduction of the seat belt law on 1 February 
1983. Vernon and Yorston! reported a 58% reduc- 
tion ın two six-month periods before and after the 
law, and Hall et al.? found a 7396 reduction compar- 
ing a two-year period before and after the law. 
Johnston and Armstrong! reported a 60% reduction 
in Northern Ireland over the same period. However, 
the present survey indicates a steady decline 1n RTA 
injuries over the years preceding the law, with only 
two cases since. This may reflect a response to the 
publicity campaigns preceding the law and the con- 
troversy and resultant attention of the media sur- 
rounding the law itself. 

A major purpose of the survey was to investigate 
the clinical impression that the number of penetrat- 
ing injuries seen annually was steadily decreasing, 
apart from the reduction 1n RTAs. This is shown to 
be the case when the mjunes due to RTAs are 
removed from the figures, in contrast to the figures 
produced by Johnston and Armstrong, who found 
that in 1981-3 there were 89 injuries from causes 
other than RTAs compared with 94 in 1983-5. The 
decline shown ın this survey ıs mainly due to the 
decrease in injuries from industrial accidents, though 
there has been a slight decline in play and sport 
injuries among children. 

In 1923 Garrow’ reported that occupational 
injuries accounted for 7096 of all eye injuries, but the 
Northern Ireland survey of 1967-76 found that only 
15-496 were industrial and that this rate was fairly 
constant over the 10 years.‘* Johnston and 
Armstrong reported that 14% of perforating injuries 
without intraocular foreign body and 72% with 








Industrial Play/sport RTA Homeacadent Assault Adult sport Unknown Total 

accident (children) 
1976 10 7 6 3 2 3 - 31 
1977 13 5 5 1 3 - - 27 
1978 7 5 5 4 - 1 - 2 
1979 5 4 4 2 1 1 - 17 
1980 9 2 3 4 - - - 18 
1981 7 4 1 3 - 1 - 16 
1982 5 3 1 - 2 - 2 13 
1983 4 5 2 4 2 - - 17 
1984 2 - - - 1 1 - 4 
1985 2 3 - - 1 - - 6 
Total 64 38 27 21 12 7 2 171 
* 374 222 15-8 123 70 41 12 100 
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Table3 Final visual acuity 
Aauty No * 
6/6 or better 36 211 
67 5-812 38 22:2 
618—636 16 94 
G/60 or worse Z2 129 
No perception of hght 11 6-4 
Enucieation 31 18-1 
Unrecorded 17 9-9 
Total 171 100 
Table 4 Indication for enucleation 

No * 
Eye damaged beyond repair 3 9-7 
Blind painful eye B 742 
Phthists 3 9-7 
Endophthalmts 2 64 
Total 3i 100 


Table5 Further operations 


Operation 2ndop 3rdop. 4thop Tomi! % 
Enucleaton B 4 1 28 259 
Cataract extraction 29 3 - 32 29 6 
Capsulotomy 6 8 2 16 148 
Retinal detachment 5 3 1 9 8-4 
Squmt 2 5 - 7 6-5 
Other il 3 2 16 148 
Total 76 26 6 108 100 
Table6 Intraocular foreign bodies 

Cause No % 
Hammer and chrsel 17 460 
Hammer and nail 4 108 
Metal from unknown cause Y 189 
Aurgun pellet 2 54 
Sbotgun pellet 2 54 
Plaster 2 5-4 
Other 3 8-1 
Total 37 100 


were industrial.’ In this survey of penetrating injuries 
37-496 were industrial, but this reflects a reduction in 
other causes rather than an increase in industrial 
accidents, and the decline during the 10 years is 
heartening. 

The male/female ratio of 6-68:1 is in keeping with 
other surveys. Canavan et al.‘ found a ratio of 5-25:1, 
and Blomdahl and Norrell found a ratio of nearly 
6:1. 

In those patients whose visual outcome was known 
43-3% had a final visual acuity of 6/12 or better, 
compared with a range of 21-68% in other studies; 
24-5% were rendered completely blind (including 
those with enucleated eyes) compared with 12-2— 
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31%, and the enucleation rate was 18-1% compared 
with 9-2—2896 .**** Of the enucleated eyes a third 
(35-596) related to children, five being due to air rifle 
injuries and two to dart injuries. Overall, darts 
accounted for 14 injuries, 12 of them in patients 
under 16 years, and this was the commonest single 
cause of injury in children. 

Four cases of sympathetic ophthalmitis occurred of 
which one already had sympathetic involvement on 
presentation. Johnston' found two cases in his survey 
of 376 cases despite the excision rate of 2896. 
Therefore, although the incidence is low, sympa- 
thetic ophthalmitis is still a real danger which must be 
borne in mind when treating penetrating injuries. 

The possibility that the decline in industrial 
injuries was due to a fall in employment was con- 
sidered. Specific figures for unemployment in Gwent 
were not available over the period, but the 
unemployment figures for Wales do not show any 
correlation with the decline in injuries (Fig. 5)." 
However, there may have been a shift in the type of 
employment away from heavy engineering. 


CONCLUSION 

This survey has shown a gradual decline in all 
penetrating injuries over the 10-year period from 
1976 to 1985, not simply a reduction in RTA cases. 
The major causes throughout are industrial accidents 
1n adults and play and sport in children. Both groups 
show a decline in incidence over the period which is 
particularly marked in the case of industrial injuries. 
Among the children dart injuries are the single most 
common cause and they do not show any decline in 
frequency, which is most distressing. They are clearly 
not subject to the same factors involved in the general 
decline, and perhaps specifically drawing attention to 
this problem in the media would help. 


A 10-year survey of penetrating eye injuries in Gwent, 1976—85 
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Choroidal osteoma presenting in pregnancy 


B K McLEOD 


From the West of England Eve Infirmary, Exeter 


SUMMARY A case of choroidal osteoma presenting during pregnancy is reported. The clinical 
findings are summarised and the features of choroidal osteoma are discussed. 


A 32-year-old woman presented with a history of 
occasional blurring of vision of the left eye over the 
period of 10 weeks. These attacks had lasted for a few 
minutes and cleared, leaving her with no visual 
defect. During the month prior to presentation, 
however, she had noticed a persistent blurring of the 
central vision. There was no relevant medical history 
apart from the fact that she was in the third month of 
an uncomplicated pregnancy. 

Her corrected visual acuities were 6/4 in the right 
eye and 6/6 in the left eve. The left visual field showed 
a relative scotoma extending from the blind spot 
towards fixation. Examination of the right eve 
showed it to be entirely normal, but the left eye had a 
flat, well circumscribed, yellowish, mottled, juxta- 
papillary lesion extending from the inferior aspect of 
the disc upwards to involve the macula (Fig. 1). Fine Ultrasound B scan showed an acoustically dense 
tufts of irregular vessels were seen on the surface of choroidal mass at the posterior pole which caused an 





Fig.2A Ultrasound B scan of the left eve showing the 
tumour with acoustic shadowing of the structures behind it 


the lesion. acoustic shadow. On reduction of the gain which 


Correspondence to B K McLeod, FRCS, Department of Ophthal- suppressed all other posterior wall echoes, à strong 
mology, Clinical Sciences. Building. Leicester Royal Infirmary. 
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echo persisted from the mass (Figs. 2A. B). The 
patient was kept under regular review, but no other 
investigations were performed until she had given 
birth at term. On re-examination a slight increase in 
the size of the lesion was noted, but the visual acuity 
and the scotoma remained static. A fluorescein 
angiogram showed early patchy hyperfluorescence of 
the lesion, which persisted into the later stages of the 
angiogram. A CT scan showed a radiodense lesion 





Fig.l Posterior pole of the left eve showing large Fig.2B Ultrasound B scan of the same eye showing a highly 
Juxtapapillary choroidal lesion reflective tumour at low ultrasonic intensity 
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Choroidal osteoma presenting in pregnancy 





Fig.3 
presence of a bony plaque at the posterior pole of the left eye. 


Computerised axial tomography scan showing the 


adjacent to the left optic nerve head, and this had the 
same density as normal bone (Fig. 3). A diagnosis of 
choroidal osteoma was made. The patient has been 
followed up for over a year, with no further visual 
deterioration or enlargement of the lesion being 
demonstrated. 


Discussion 


CLINICAL FEATURES 

The features of choroidal osteoma were described by 
Gass and Guerry' when they described four young 
female patients with similar juxtapapillary lesions 
and sharing similar clinical characteristics. In a 
separate report on one of these patients Williams and 
Fort’ reported the pathological findings on one of the 
eyes enucleated for a suspected choroidal melanoma 
after a positive “P test. 

Choroidal osteoma tends to occur in young females 
patients. In a series of 15 cases reviewed by Gass’ 14 
were female, with an age range of 8-36 and a median 
age of 20 years. Unilateral involvement is usual, with 
no preference for it to affect either eye having been 
found. However, bilateral involvement has been 
reported,’ and multiple occurrences in a patient with 
recurrent orbital pseudotumour are known.‘ 

Blurred vision and metamorphopsia are the main 
presenting features, and paracentral scotoma may be 
demonstrated. The visual acuity is usually. good 
unless extensive macular complications have occur- 
red. The lesions have an affinity for the juxtapapillary 
region and tend to have irregular borders and a 
geographic pattern, with a yellow-white or orange- 
red colour, depending on the degree of thinning of 
the retinal pigment epithelium. Multiple short tufts 
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of branching vessels on the tumour surface arising 
from marrow spaces within the osteoma are said to be 
characteristic. The prompt perfusion of the chorio- 
capillaris gives rise to diffuse mottled hyper- 
fluorescence early in the fluorescein angiogram, and 
later patchy fluorescein staining may be due to filling 
of these marrow spaces where they communicate 
with the surface. 

The typical ultrasound finding is that of an 
acoustically dense, slightly elevated choroidal mass 
which renders the tissue behind it anechoic, produc- 
ing an apparent defect in the retrobulbar tissue. If the 
ultrasound gain is reduced, so that all the posterior 
wall echoes are suppressed, a high-amplitude echo 
persists from the osteoma. Orbital x-rays may show 
the radiodense lesion, which may be highlighted by 
polytomography. CT scan of the orbit will best show 
the lesion of the posterior pole of the eye with a 
density similar to that of bone. 


NATURAL HISTORY 
The visual acuity may be good, with minimal visual 
disturbance at first, but lesions near the macula may 
give rise to serous retinal detachment and subretinal 
neovascularisation. Of 14 eyes followed up for seven 
years Gass reported that eight maintained 6/12 vision 
while six fell to 6/60 or worse.' 


HISTOPATHOLOGY 

The features of two eyes studied after enucleation 
have been reported and another case reviewed, 
having been reported to be an ossified haemangioma 
by Reese.' The lesions were situated between the 
inner one-third and the outer two-thirds of the 
choroid, separated from the retinal pigment 
epithelium and Bruch's membrane by a thin layer of 
fibrous tissue. The retinal pigment epithelium 
showed patchy thinning and depigmentation but no 
hyperplasia, and in these areas of disruption rod and 
cone loss was found, with a layer of subretinal 
exudate, No evidence of haemangioma or changes 
suggesting the origin of the osseous tissue was 
found. 


ORIGIN 

The origin of choroidal osteoma is still a cause for 
discussion. Are they primary lesions, or is there an 
underlying stimulus for ossification? It is true that 
choroidal haemangiomas undergo osseous meta- 
plasia, but this always occurs on the inner surface of 
the haemangioma in association with extensive 
degenerative and proliferative changes of the retinal 
pigment epithelium not seen in the osteomas 
examined so far. Heterotopic bone formation is seen 
in degenerated eyes following trauma, inflammation, 
and long standing retinal detachment. However, 
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hyperplastic changes of the retinal pigment 
epithelium are usually seen, and the ongin of the 
bone is thought to be due to metaplasia of the retinal 
pigment epithelium in response to degenerative 
changes. Choroidal haemorrhage and focal 
choroiditis, which might be implicated in bone 
formation, have not been reported in previous cases 
of choroidal osteoma and were certainly not a feature 
of the case reported in this paper. Katz and Gass* 
reported a case of multiple choroidal osteoma occur- 
ring in a 10-year-old girl with recurrent orbital 
pseudotumour, and during the period of active 
growth of the choroidal lesions they recorded 
transient elevation of the serum parathyroid 
hormone level and alkaline phosphatase. But there 
are few other recordings of an underlying metabolic 
disorder, and routine biochemical studies have been 
found to be unhelpful. 

The optic nerve head has a complicated embryo- 
logical development and is a common site for 
developmental tumours such as melanocytomas, 
astrocytic hamartomas, and choroidal haemangio- 
mas. However, choroidal osteomas show features 
atypical of developmental tumours, such as their 
exclusive location in the juxtapapillary choroid, their 
occurrence predominantly in females, and their 
capacity for growth in later life. Some authorities 
now believe that the structure of the osteomas and 
their ability to develop in previously unaffected eyes 
indicate that they develop from reactive metaplasia 
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of mesenchymal or retinal pigment epithelial cells. 
The stimulus for this reaction is not clear, but since 
the lesions occur predominantly in females a 
hormonal influence has been postulated.'" Dunng 
pregnancy there is a marked modification of the 
endocrine environment and the metabolism—for 
example, the increase in plasma oestrogen, which has 
a general protein anabolic effect and is thought to 
have a specific stimulatory effect on the activity of 
osteoblasts. The patient presented here was in the 
first trimester of pregnancy when her permanent 
symptoms first occurred, and it would be attractive to 
postulate that the increased hormonal activity might 
be implicated in the exacerbation of the choroidal 
osteoma. 


I thank Mr J Thomsttt for permeson to report this casc and'Miss K 
Jones for the photography 
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Short-term effects of neodymium-Y AG transscleral 
cyclocoagulation in patients with uncontrolled 


glaucoma 


O BADEEB, G E TROPE, AND C MORTIMER 
From the Department of Ophthalmology, Toronto General Hospital, University of Toronto, Toronto, Ontario, 
Candada 


SUMMARY ‘Transscleral Nd-YAG cyclocoagulation has been reported to lower intraocular 
pressure (IOP) in animals, eyes and more recently in human eyes. We treated 14 patients with 
uncontrolled IOP using this technique. Three patients were lost to follow-up. The mean follow-up 
time was 12 (SD 2-6) weeks. There was a decrease in IOP in all patients. Seven patients had final 
IOP readings «25 mmHg (63-696). Six patients had IOP x21 mmHg (54-596). Fairly severe 
complications occurred in most patients. None, however, developed phthisis bulbi. Two patients 
had one treatment (18%), eight patients had two treatments (72%), and one patient had three 
treatments (996). This preliminary study confirms that Nd-Y AG cyclocoagulation effectively 
lowers IOP in patients with uncontrolled glaucoma over the short term. 


Beckman et al. reported that trans-scleral ruby laser 
treatment of the ciliary body lowers IOP in both 
animals and human eyes by causing destruction of 
the ciliary body.'? In 1985 Wilensky et al. reported 
that trans-scleral Nd-Y AG cyclocoagulation can be 
used to decrease IOP in rabbits? This effect has 
recently been confirmed by Devenyi et al.* 

The purpose of this pilot study was to determine 
whether trans-scleral Nd- Y AG cyclocoagulation can 
lower IOP in patients with uncontrolled glaucoma 


Material and methods 


Prior to the start of this study a recently enucleated 
human cadaver eye was treated with Nd-Y AG laser 
2-3 mm from the limbus with energy levels as 
indicated below. This eye was then studied histo- 
pathologically to ensure that the laser was focused in 
the region of the ciliary processes. . 

Fourteen patients with uncontrolled IOP were 
treated with the trans-scleral Nd-YAG (thermal 
mode) cyclocoagulation as follows. All patients were 
admitted to hospital. All received a complete 
physical and ocular examination which included 
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visual acuity, slit-lamp, Goldmann applanation 
tonometry, gonioscopy, and funduscopy. Informed 
consent was obtained from all patients 

Of the 14 patients treated 10 had neovascular 
glaucoma (NVG), three had secondary angle closure 
glaucoma (2nd ACG), and one had anindia. 

All patients were given retrobulbar anaesthesia 
with 3—4 ml xylocaine 2% bupivacaine 0-596 mixture 
15 minutes before the treatment. A lid speculum and 
tooth forceps were used to keep the eye open and to 
move the eye so that the laser beam could be applied 
as perpendicular to the sclera as possible. 

The Lasag Microruptor-2 neodymium-Y AG laser 


Hene Beam focused on conjunctiva 


FR 


Laser Beam focused on cillary processes 


Fig.1 Laser beam focused on the ciliary processes by 
offsetting the machine ‘9’. 
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Fig.2 Location and number of Nd-YAG laser burns in 
relation to the limbus. 


set in the thermal mode was used. The mean energy 
was 2-10 joules (1-98—2-25 J) at 20 ms. The Hene 
beam was focused on the conjunctival surface with 
the offset at '9' (Fig. 1). The mean number of laser 
burns given to each patient was (403-2), 2-3 mm from 
the limbus as measured with a caliper through 360? 
(Fig. 2). 

The patients' mean age was 58-7 years (32-80 
years). Six patients were females and eight were 
males. Pretreatment visual acuity ranged from count- 
ing fingers at 1-5 m to no light perception. 

Post-treatment therapy included Pred Forte 
(prednisolone) 3—4 hourly and atropine 1% twice 
daily. Ali pre-treatment antiglaucoma medications 
were continued. Pain medication was prescribed if 
required. 

All patients had an ocular examination and IOP 
check 24 hours after treatment and were then dis- 
charged from the hospital. The follow-up protocol 
included weekly, monthly, three-monthly, and then 
six-monthly examinations. 

If the IOP 230 mmHg after one month the 
treatment was repeated up to three times. If the IOP 
did not drop to below 25 mmHg after three treat- 
ments, this result was considered a treatment failure. 
Student’s ¢ test was used to compare pre-laser with 
post-laser IOP levels. 


Results 


Three patients were lost to follow-up. Fig. 3 shows 
the IOP response to treatment. As indicated seven 
patients (63-6%) had IOP «25 mmHg. Six patients 
(54-596) had an IOP drop x21 mmHg. 

Fig. 4 shows the mean pre-laser and post-laser 
IOPs for the treated group as a whole. As indicated, 


there was a substantial drop in IOP from 48-5 mmHg 


to 24-2 mmHg, which was statistically significant. 
The success rate differed according to the type of 
glaucoma. It was 57% for NVG and 75% for the 
others. 
Of the 11 patients studied, two received one 
treatment, eight received two treatments, and one 
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Fig.3 lOP readings before and after Nd-Y AG laser 
treatment R = treatment 


had three treatments The mean follow-up time was 
12-0 (SD 2-6) weeks. 

Post-treatment visual acuity remained the same 
in eight patients, improved in two patients, and 
deteriorated in one patient owing to development of 
a dense cataract. 

Table 1 lists the complications seen in the eleven 
patients As indicated, all patients developed corneal 
oedema, conjunctival injection, and intis after treat- 
ment. Pain and gas bubbles in the anterior chamber 
were seen in five patients. Hypopyon developed in 


(P< 0.0005) 
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Fig.4 Mean pre-and post-treatment IOP R,=treatment 


Short-term effects of neodymium-Y AG transscleral cyclocoagulation in uncontrolled glaucoma 


Table 1 Complications in 11 patients 


Complications 





four patients. Hyphaema developed in three patients. 
Cataract and vitreous haemorrhage developed in one 
patient. None of our patients developed phthisis 
bulbi over this time period. 


Discussion 


Uncontrolled glaucoma despite maximum medical 
therapy and failed filtration surgery remains a 
challenge to the surgeon. Many types of treatment 
are advocated, including — cyclocryotherapy;! 
modified trabeculectomy,? seton implantation,’ 
trabeculectomy with 5-fluorouracil,! and therapeutic 
ultrasound. No method has proved to be entirely 
successful. 

The Nd-YAG laser emits infrared light (wave- 
length 1064 nm). This has been shown to penetrate 
six times more deeply into tissues than argon laser 
before being absorbed." The Nd-Y AG in its thermal 
mode produces relatively low power outputs (100— 
200 W) owing to the long duration of the pulse (10—20 
ms). During trans-scleral Nd-Y AG cyclocoagulation 
the infrared energy penetrates the sclera, eventually 
being absorbed by the melanin in the ciliary pro- 
cesses' pigment epithelium. The light energy is con- 
verted to heat in this tissue, with damage of the ciliary 
processes. This results 1n decreased aqueous produc- 
tion, leading to a drop in IOP. Devenyi et al. recently 
reported that the sclera is not affected by this 
procedure.* 

Our preliminary results show that trans-scleral Nd- 
YAG cyclocoagulation successfully decreases JOP in 
all patients with uncontrolled glaucoma. However, 
only 63-6% of patients had a drop in IOP to 25 mmHg 
or less. This result is similar to Beckman and 
Waeltermann’s results with the ruby laser." 

Master ef al. recently reported that 2-0 J/pulse is 
an adequate energy level to lower the IOP in patients 
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with uncontrolled glaucoma without producing 
phthisis bulbi.” Our study confirms this. But larger 
numbers of patients and longer follow-up times are 
required before the ideal energy levels can be 
recommended. 

Despite being treated with low energy levels all 
our patients developed complications. Many were 
mild, but one patient (with NVG) developed a 
vitreous haemorrhage and cataract. Whether 
this complication was due to the Nd-Y AG laser or to 
the natural history of the disease 1s not clear 

In conclusion, trans-scleral Nd-Y AG cyclocoagu- 
lation appears to be an effective method of lowering 
the IOP in patients with severe uncontrolled 
glaucoma. It 1s, however, associated with significant 
complications. Long-term effects of this form of 
treatment on both IOP and ocular structures are not 
yet known. 


We thank Dr Milan Tytla for the statistical advice and the ophthal- 
mology ressdents at Toronto General Hospital for their help We 
also thank Drs Feldman, Dixon, Shea, Wiss, and Nolan for referring 
pahents We thank Mara Bajc for typing the manuscript 
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Cavernous haemangioma presenting as an orbital mass 
after enucleation for a choroidal melanoma: 
case report 


A N HARNETT.' P THORPE, ann J HUNGERFORD 


From the Departments of ‘Radiotherapy, ‘Pathology, and Ophthalmology, St Bartholomew's Hospital, West 
Smithfield, London, ECIA 7BE 


SUMMARY A patient presented with an ipsilateral orbital mass four years after enucleation for a 
choroidal malignant melanoma. Clinical examination revealed a darkly coloured mass suggestive 
of recurrent melanoma. CT scanning indicated a locally extensive tumour. Management was by 
excision without resort to orbital exenteration. Pathological examination revealed a cavernous 


haemangioma. The natural history of this tumour is discussed. 


Cavernous haemangioma is the commonest primary 
orbital tumour.' Its pathogenesis is disputed, but it 
has been suggested that the neoplasm may become 
apparent only when growth takes place of a small, 
long-standing. or congenital pre-existing 
haemangioma. 

A case is reported in which a cavernous 
haemangioma arose in the orbit following enuclea- 
tion of the ipsilateral eye for a uveal malignant 
melanoma. Intraoperative inspection of the socket 
during enucleation had revealed no evidence of an 
orbital tumour or vascular malformation. 


Case report 


A 63-year-old woman presented with sudden onset of 
blurred vision in the right eye. A thyroidectomy had 
been performed over 30 years previously for thyro- 
toxicosis, and there remained minimal lid retraction 
and lid lag on the right side, with slight proptosis. 
More recently she had developed Addison’s disease, 
and had been treated with steroids. On examination 
the visual acuity in the right eye was 6/18 and in the 
left 6/9. In the right fundus there was a raised, lightly 
pigmented mass in the upper temporal quadrant 
above the macula, with an overlying serous retinal 
detachment. Systemic investigations revealed no 
evidence of a primary tumour elsewhere, and a 
diagnosis of amelanotic melanoma was made for this 
ocular tumour. Specific investigations for metastatic 
melanoma were negative. 
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Growth of the tumour was recorded, and the visual 
acuity fell to 6/36 as a result of further accumulation 
of subretinal fluid. A right enucleation was therefore 
performed. Histological examination revealed a very 
lightly pigmented tumour situated in a postequatorial 
position in the temporal region and involving the 
macula. Microscopic examination disclosed a small. 
extremely lightly pigmented, spindle-cell, choroidal 
malignant melanoma. The associated retinal detach- 
ment was demonstrated pathologically, There was no 
evidence of extrascleral extension or involvement of 


Fig.l CT scan showing large recurrent soft tissue mass 
lving behind the prosthesis. 
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Cavernous haemangioma presenting as an orbital mass after enucleation for a choroidal melanoma 





Fig.2 
vessels filled with blood within a thin fibrous capsule typical 
of a cavernous haemangioma. Haematoxylin and eosin, 

x 36. 


Section of orbital mass showing numerous cavernous 


the overlying retina. Subsequently a prosthesis was 
fitted. 

Four years later the patient reported progressive 
forward displacement of the prosthesis. The clinical 
appearance was suggestive of a massive recurrence of 
melanoma in the enucleated right socket. A firm, 
bluish black mass was seen filling the superolateral 
aspect of the orbit. Staging investigations including 
full blood count, liver function tests (including 
gamma GT), chest x-ray. liver scan, and bone scan 
did not show any evidence of metastatic disease. A 
CT head scan delineated a large mass of soft tissue 
density with the appearance of recurrent melanoma. 
(Fig. 1). There was no evidence on the scan of any 
extension out of the orbital cavity. 

The tumour appeared well circumscribed, and it 
was decided to attempt excision biopsy without 
resorting initially to orbital exenteration. Histo- 
logical examination showed an encapsulated fibrous 
lesion within which there were numerous thin walled, 
endothelium lined, blood filled spaces. The appear- 
ances were typical of a cavernous haemangioma (Fig. 
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2). The histology of the enucleated eye was reviewed 
and confirmed a spindle B cell melanoma with no 
special features. 


Discussion 


Typically, cavernous haemangioma of the orbit arises 
in middle life," and it is commoner in women than in 
men." Usually the tumour presents with a long history 
of moderate, unilateral, painless protrusion of the 
eye, though occasionally proptosis may be marked or 
rapidly progressive.” An orbital CT scan is the single 
most useful diagnostic test and shows a well circum- 
scribed lesion with no osseous involvement. 

Histologically cavernous haemangioma is quite 
different from capillary haemangioma of the orbit,” 
and it is not considered likely that it arises by 
cavernous transformation of a capillary tumour 
present undetected from infancy." Unlike capillary 
haemangiomas, orbital cavernous haemangiomas are 
discrete, well encapsulated tumours without large 
vascular tributaries.” Large and small thin walled 
cavernous vessels identical to those within an orbital 
cavernous haemangioma have been found lying 
outside the tumour capsule. Apparent incorporation 
of some of these vessels within the tumour by newly 
formed reactive fibrous tissue has been observed, and 
it has been suggested that cavernous haemangiomas 
arise in the orbit from enlargement of previously 
existing abnormal vascular channels.’ The stimulus 
to this event may be disturbance in the blood flow 
within these vessels resulting from some extrancous 
event. 

The relevance of the present case is that no 
macroscopic evidence of abnormal vascular tissue 
within the orbit was detected during routine intra- 
operative inspection of the socket for evidence of 
extrascleral extension of uveal malignant melanoma, 
though a small pre-existing lesion may have been 
obscured by the orbital fat. The haemangioma des- 
cribed expanded rapidly almost to fill the orbit within 
four years, and this behaviour would seem to exclude 
steady growth of a congenital tumour as the natural 
history of this particular lesion. Atypical. rapid 
growth of cavernous haemangioma does occur but is 
uncommon. It is tempting to speculate whether the 
absence of the globe in the unusual case reported 
here permitted rapid expansion of the tumour. 

The importance of not assuming local recurrence 
of malignant melanoma but of obtaining further 
tissue for histological examination is emphasised. In 
this case it avoided unnecessarily radical treatment 
by orbital exenteration or inappropriate radio- 
therapy. 


We thank Miss T Cocks for typing the manuscript. 
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Bilateral tears of the retinal pigment epithelium 
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From the 'Department of Ophthalmology, Shinshu University School of Medicine, Matsumoto, and the 
"Department of Ophthalmology, Kanto Teishin Hospital, Tokyo, Japan 


SUMMARY This paper describes bilateral tears of the retinal pigment epithelium (RPE) which 
followed photocoagulation treatment of retinal pigment epithelial detachment (PED) in the right 
eye and which occurred spontaneously in the left eye. A 66-year-old Japanese male presented with 
PED approximately 4x6 disc diameters in size in his right eye, and one disc diameterin the left eye, 
both in the macular regions. The right PED was treated by placing a row of argon laser 
photocoagulation along the margin of the PED, with avoidance of the papillomacular bundle. Five 
days after treatment the PED enlarged peripherally beyond the coagulated site. Nineteen days 
later an RPE tear developed at the temporal edge of the detachment in the right eye. The 
remaining detached RPE retracted centrally, forming curled folds. About 40 days after the initial 
examination the patient complained of sudden reduction of vision in his left eye. At this time an 
enlargement of the PED was found in his left eye. One week after this examination a small RPE 
tear was found in the nasal border of the PED in the left eye. The tear in the left eye gradually 


developed centrally to the fovea. 


Senile macular degeneration has recently become a 
major cause of visual loss in the elderly population.’ 
Detachment of retinal pigment epithelium. (PED) 
associated with senile macular degeneration is fre- 
quently reported.” Hoskin et al.’ described RPE tears 
as a newly recognised severe complication of PEDs in 
senile macular degeneration. The RPE tear is 
reported as occurring spontaneously or after laser 
photocoagulation.*" 

There are many reports *" on the relationship 
between laser photocoagulation to the PED and the 
pathogenesis of the RPE tears. However, the 
mechanism of the PRE tear has not been clarified. 

In this report we describe bilateral tears of the RPE 
which occurred after argon laser photocoagulation to 
the PED in the right eye and spontaneously without 
any treatment in the left eye with PED. 


Case report 


A 66-year-old man visited our clinic on 13 December 
1985 complaining of metamorphopsia in the right eye 
of two weeks’ duration He was in good health and 
had no previous eye problems. His visual acuity was 
0-1 (nc) in the right eye and 0-7 (1-0x -0-5 D) in the 
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left eye. The external eye examination, pupillary 
responses, intraocular pressure, and results of slit- 
lamp examinations were normal in both eyes except 
for mild cataract. Pertinent findings were confined to 
the funduscopic examination. He had a large serous 
detachment of the pigment epithelium, oval in shape, 
which measured 4X6 disc diameters (DD) in the right 
macula, and a small round serous detachment of the 
pigment epithelium measuring 1 DD associated with 
drusen in the left macula. The discs and vessels were 
normal in both eyes. Fluorescein angiography con- 
firmed the presence of PED and showed a delay in 
the overall fluorescein staining (Figs. 1A, B). 

On 20 December 1985 argon laser photocoagula- 
tion was placed along the margins of the PED, with 
sparing of the papillomacular bundle in the nght eye 
(44 shots with a spot size of 200 pm, a duration of 
0-2 s, and a setting of 200 mW). 

Five days after photocoagulation the PED 
enlarged in the nght eye over the photocoagulation 
scar. Fluorescein angiography showed extensive 
hyperfluorescent areas along the margins of the 
PED. Corticosteroids were administered orally for 
120 days. Nineteen days after the laser treatment a 
large RPE tear was demonstrated in the temporal 
margin of the PED, crescentic in shape, and measur- 
ing 4X0-5 DD (Fig. 2). The remaining detached RPE 
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Fig. 1A 


Fig.l A: Fluorescein angiogram in the right eye shows 
large retinal pigment epithelial detachment ( PED) in the 
macular region. B: Fluorescein angtogram in the left eye 
shows small PED associated with drisen. 13 Dec SS 


retracted, centrally forming curled folds. Large 
choroidal blood vessels could be seen clearly through 
the tear. The free edge of the tear was not visible in 
the subretinal space because it retracted and infolded 
under the remaining elevated pigment epithelum. 
There was a serous detachment of the retina overly- 
ing the pigment epithelial defect. 

Fluorescein angiography of 8 January 1986 gave 
characteristic findings. In the arterial phase hyper- 
fluorescence of the well defined area was observed 
through the exposed Bruch's membrane and choroid. 
Within several seconds this area became intensely 
hyperfluorescent. The retracted area of pigment 
epithelium remained hypofluorescent until the late 
phases of the angiogram. Approximately ] minute 
after the injection, dye leaked from the RPE tear into 
the subretinal space. There was no faint mottled 
fluorescein staining on the surface of the pigmented 
mound, 

Phe serous retinal detachment gradually resolved. 

On 22 January 1986, six weeks after his initial visit, 
the patient noted sudden deterioration of vision in 
the left eye. At that time his visual acuity was 0-04 
(Q-1* 1-5 D) OS. Fundus examination showed a large 
round PED, measured 6*8 DD in the left macula. 

Inthe PED lesion there was a small excavated zone 
corresponding to bare Bruch's membrane at the nasal 


Fig. IB 


edge of the PED. Fluorescein angiography showed a 
well circumscribed zone of uniform hyperfluorescein 
corresponding to the defect of the RPE (Fig. 3). The 
RPE was torn along the infranasal margin of the 
detachment, with retraction noted supratemporally. 
During the next four months the tears gradually 
extended to the centre of the fovea (Fig. 4). Steroid 
therapy was reduced gradually because the effect was 
not clear. On 12 September 1986, approximately nine 
months after the initial onset of symptom. the 
patient’s visual acuity tn the right eye had improved 
to 0-2 (0«6x +1-5 D). and that in the left eye to 0-3 
(0-8x-1-5 D). On funduscopic examination the 
shape and the size of the RPE tears were unchanged 
except for a subretinal translucent layer of tissue 
within the RPE tears (Figs. 5A, B). There was no 
evidence of subretinal neovascularisation bio- 
microscopically 

Goldmann perimetry revealed normal peripheral 
fields with paracentral absolute scotoma which 
corresponded to the RPE tears in both eyes. The 
areas of absolute scotoma gradually became smaller 
and improved to become relative scotoma, 

The electroretinogram (ERG) showed normal 
amplitudes of a and b waves in both eyes. The 
electro-oculogram (EOG) showed a light-peak/dark- 
through ratio of 1-70 0n 6 February 1986 in both eyes. 
On 9 June 1986 it showed 1-80 in the right eye and 
1-70 in the left (normal ratio 21-85). 

Blood and urine examination 
abnormality. 


showed no 
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Fig.2 


Discussion 


Serous PED is a common finding in patients with 


senile macular degeneration.' Approximately 30% of 


the patients who have PEDs have bilateral ones.” 

Although in the past senile macular degeneration 
was not so commonly found in Japan as in the USA or 
Europe, it has recently become one of the main 
diseases causing blindness. Further, there are many 
reports of bilateral senile macular degeneration in 
Japan." ” 

RPE tears have recently been described as a new, 
uncommon, but serious complication of the PED.‘ 
They occur in approximately 10% of PEDs,' and 
bilateral RPE tears have been shown to have almost 
similar findings and courses. '^" Previously they 
were often mistakenly diagnosed as pigment 
epithelial atrophy or choroidal neovascularisation. 


Post-treatment angiogram in the right eye shows the enlarged retinal pigment epithelial detachment ( PED) over the 
photocoagulation scar and large tear in the retinal pigment epithelium ( RPE) along inferior border of detachment (white 
arrows). Free edge of torn RPE is folded beneath remaining PED (black arrows), and retracted pigment epithelium remains 
hvpofluorescent. 13 Jan 86 


The course of the PEDs and tears in our case was 
observed in detail in both eyes. Particularly in the left 
eye, the whole natural course of the RPE tear 
formation was revealed, developing first from the 
small PED to the large one and finally to the RPE 
tear. RPE tears have a characteristic clinical and 
angiographic appearance." They show a flat, 
uniform area of exposed choroid and an area of 
pigment epithelial elevation. The area of denuded 
choroid and Bruch's membrane appears hyper- 
fluorescent during fluorescein angiography. By con- 
trast, the area of infolded pigment epithelium shows 
hypofluorescence. 

Our case had characteristic fundus features. The 
PED in the right eye enlarged after argon laser 
photocoagulation, and the RPE tear occurred along 
the temporal margin of the enlarged PED. On the 
other hand a spontaneous tear was seen in the left 
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Fig.3 Fluorescein angiogram in 
the left eve shows sharply outlined 
margin of retinal pigment epithelial 
tear. 22 Jan 86. 


Fig.4 Fluorescein angiogram in 
the left eye shows hyperfluorescence 
of exposed Bruch's membrane, 
choroid, and folded edge of torn 


RPE. 20 Feb 86 





Bilateral tears of the retinal pigment epithelium 





Fig.5A: Fluorescein angiogram in the right eve shows 
pigment epithelial elevation with multiple folds and tear 
along temporal margin. 12 Sept 86. 


eye. But the course and fundus appearance of the 
RPE tears were essentially similar in both eyes during 
the follow-up period. 

Although photocoagulation has been used to 
flatten the PED," there are many reports" of 
tearing following laser photocoagulation over the 
surface of the PEDs. A recent controlled study of 
elderly patients treated with argon laser photo- 
coagulation" implied that this form of therapy 
confers no visual benefit and that tearing of the 
pigment epithelium occurs earlier in the treated eyes 
than in the untreated. RPE tears are the result of 
tractional forces acting along the margin of the PED, 
and the risk of tearing is greatly enhanced by laser 
photocoagulation.'" 

Our case demonstrated essentially the same evolu- 
tion of the RPE tears in both eyes, though the PED of 
the right eye was treated with laser photocoagulation 
and the left was not. Argon laser photocoagulation 
may further weaken the RPE along the margin of the 
PED." But in our case in spite of the laser treatment 
the tear in the right eye still occurred in the margins of 
the enlarged PED, not along the area of argon laser 





photocoagulation. So far as our observations go, the 
photocoagulation to the right eye may not be the 
essential factor producing the RPE tear. 
Hyperfluorescent areas of leakage into the sub- 
retinal space along some margins of the PED 
represent an area of damaged or degenerating pig- 
ment epithelium without neovascularisation that may 
be more likely to tear." These phenomena may 
demonstrate the importance of bending forces at the 
detachment margin. Krishan er al." proposed that 
mechanical forces make the detachment margin the 
site of greatest bending stress and the most likely site 
for the tear.’ The findings in our case appear to 
support the idea that mechanical factors have a more 
important role in the pathogenesis of RPE tears." 
The tears occurred as soon as the PEDs were 
enlarged in both eyes. So the larger size of PEDs may 
also be important in the pathogenesis of the tear.’ 
The precise reasons for RPE tearing are as yet 
unknown. Hoskin er al.’ argued from angiographic 
observations that separate cleavage planes may 
coexist, one between pigment epithelium and its 
basement membrane, the other between basement 
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Fig. SB: Further retraction of pigment epithelium has 
occurred in the left eve. Fluorescein angiogram reveals a 
large fibrous scar. Double hvpofluorescence of folded 
pigment epithelial edge apparent. 12 Sept 86 


membrane and the inner collagenous zone of Bruch's 
membrane. They have suggested that RPE tears 
occur in the RPE that is separated from its basement 
membrane. They noted that the RPE in the area of 
the tear has a smooth, featureless appearance, and on 
fluorescein angiography showed uniform fluores- 
cence, suggesting the absence of material on the 
under surface of the PED. Green and Yarian' 
believed that the posterior curling of the torn edge of 
the RPE contradicts Hoskin and colleagues’ hypo- 
thesis and is further evidence that the basement 
membrane is adherent to the elevated torn edge of 
the RPE. Adjacent retinal pigment epithelial cells 
are joined firmly together by zonula occludentes that 
encircle each retinal pigment epithelial cell at its 
apex.” Gass’ confirmed that the separation of the 
pigment epithelium from its basement membrane is 
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not responsible for the uniform fluorescence and that 
its predisposing the pigment epithelium to tear is not 
supported by evidence from the light microscope, 
electron microscope, or clinical examination. 
Clinicopathological correlations are needed to settle 
this question. 

The outer blood-retina barrier is disrupted because 
of the creation of a large defect in the pigment 
epithelium.’ The dehydration of the subretinal space 
can no longer act in the area of the tear, and a serous 
retinal detachment would result. In most cases with 
the RPE tears, however, fluorescein leakage into the 
subretinal space from the area of exposed Bruch's 
membrane and choroid is minimal. In our case the 
subretinal exudate also disappeared in a few weeks. 
Other forces, perhaps hydrostatic in nature, may be 
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more important in maintaining retinal aposition.* 
With time, the RPE may proliferate,’ closing the 
defect and re-establishing the blood-retina barrier." 
Once re-epithelialisation occurs, the subretinal 
exudate disappears. Studies? have shown that 
atrophic changes occur in the chonocapillaris during 
the natural course of macular degeneration. These 
atrophic changes may be a factor in the less than 
expected amount of leakage that is observed in these 
cases.* 

So far as we know, there are no reports on visual 
field changes in association with the RPE tears. In 
our case the absolute scotoma was observed corres- 
ponding to the RPE tear in the early stage, and it was 
enlarged with the development of the tear But the 
area of absolute scotoma became smaller, and then 
relative when the tear was covered with the fibrous 
tissue. This may suggest that the function of photo- 
receptors is soon recovered after RPE tears. 

Inthe present study the ERG excluded widespread 
impairment of sensory retina. The EOG showed an 
abnormal EOG ratio, and further EOG study of the 
PED or the RPE tear is necessary to evaluate the 
RPE function. 

Decker et al.‘ reported that 30% of PEDs 
developed subretinal new vessels. Subpigment 
epithelial choroidal neovascularisation has been sug- 
gested the primary cause of the detachment and tear 
in the pigment epithelium.’ The present case showed 
neither choroidal neovascularisation nor subretinal 
or subpigmentary epithelial haemorrhage. 

There is no treatment of confirmed value for RPE 
tears, but there is a report" stating that photocoagu- 
lation is recommended for their early treatment when 
they are associated with serous sensory retinal 
detachment. 


References 


1 Gass JDM, Norton EWD, Justice J Serous detachment of the 
retinal t epetholium, OpAthaimology 1966, 70: 990-1015 
2 Meredith TA, Braley RE, Aaberg TM Natural history of serous 
detachments of the retmal pigment epitbelum Am J 

Ophthalmol 1979, 88: 643-51. 


627 


3 Hoskin A, Bird AC, Sehon K Tears of detached reunal pugnent 
epithelium BrJ Ophthalmol 1981; 65: 417-22 

4 Cantnil HL, Ramsay RC, Knobloch WH Rupes in the pigment 
epithelrum. Arch Ophthalmol 1983, 101: 1074-9 

5 Caswell AG, Kohen D, Bird AC. Retmal pigment epsthchal 
detachments in the elderly: clasmfication and outcome Br J 
Ophthalmol 1985; 69: 397—403 

6 Decker WL, Sanbom GE, Ridley M, Annesley WH, Sorr EM 
Retmal pigment epithehal tears Ophthalmology 1983, 99. 
507-12 

7 Gass JDM Pathogenesss of tears of the retinal pigment 
epithelium Br J Ophthalmol 1964, 68: 513-9 

8 Gas JDM Retinal pigment epithelial rip dunng krypton red 
laser photocoagulation. Am J Ophthalmol 1984, 98; 700—6 

9 Green SN, Yanan D. Acute tear of the retinal pigment 
eprtbelrum Retina 1983, 3: 16-20 

10 Krishan NR, Chandra SR, Stevens TS Diagnosis and patbo- 
gencus of retinal pigment epithelial tears Am J Ophthalmol 
1985, 100: 696—707. 

11 Moorfields macular study group Retinal pigment epithelial 
detachments in the elderly. a controlled tnal of argon laser 
photocoagulation BrJ Ophthalmol 1982, 66: 1-16 

12 Okada H, Ohkuma H, Uyama M. Tear of the retinal pigment 
epithelrum followmg argon laser photocoagulation Jpa J Clin 
Ophthalmol 1985, 39: 1145-9 

13 Sarks SH Ageing and degeneration in tbe macular region a 

study Bry Ophthalmol 1976, 68: 324—41 

14 Sunakawa M, Tsukahara I Tear of the retinal pigment 
epithelrum and serous retinal detachment Am J Ophthalmol 
1985, 199: 488—9. 

15 Swanson DE, Kalna RE, Gurak SV Tears of the retnal 
pigment epithelrum. Retina 1984, 4: 115—8. 

16 Yamamoto K, Kanai K, Okada H, Uyama M Spontancous tear 
of retmal pigment epithelium. Report of a case Jpn J Clin 
Ophthalmol 1985, 39: 1092-3 

17 Bird AC, Sehm KS Tears of detached rotinal pigment 
cpthehum Trans New Orleans Acad Ophthalmol 1983, 317-25 
Symposium on medical and surgical diseases of the retina and 
vureous St Lows Mosby, 1963 

18 Elman MJ, Fine SL, Murphy RP, Patz A, Auer C The natural 
history of serous retinal pigment epithelium. detachment in 
pavents with age-related macular degeneration Ophthalmology 
1986, 93: 224-30 

19 Miyake K, Mryake C, Sakamura S, Miura H. Natural history of 
senile discform macular degeneration in Japanese Folia 
Ophthalmol Jpn 1977, 28: 308-20 . 

20 Mine N Clinical study of senile disaform macular degeneration 
Nippon Ganka Gakke Zasshi 1986, 99: 398—408 

21 Wallow IHL, Tso MOM, Pes: Experimental photocoagula- 
tion of the human retina. II Electron microscoprc study Arch 
Ophthaimoi 1977,95: 1041-50 


Accepted for publication 4 June 1987. 


British Journal of Ophthalmology, 1988. 72, 628-630 


Infectious crystalline keratopathy 


C B JAMES, P J McDONNELL, ann M G FALCON 


From the Eye Department, St Thomas's Hospital, London SEI 7EH 


SUMMARY We present a patient who developed a crystalline keratopathy after a penetrating 
keratoplasty. This rare complication can be caused by bacterial infection, and the patient 
responded to the appropriate antibiotic therapy. The literature is reviewed and possible causes and 
mechanisms of the crystalline appearance are discussed. 


A crystalline appearance within the stroma of the 
cornea may be caused by a variety of conditions 
including lipid and metabolic disorders such as 
cystinosis and monoclonal gammopathy in associa- 
tion with multiple myeloma. More unexpectedly it 
can occur as a complication of penetrating kerato- 
plasty following either infection’ or rejection.^' We 
report here on a patient who developed a crystalline 
keratopathy following a graft. The cause of the 
keratopathy was considered to be infective and the 
condition resolved on antibacterial treatment. 


Case reports 


A 32-year-old man with advanced keratoconus 
underwent an uneventful penetrating keratoplasty in 
December 1984. A whole donor eye was used, and 
the graft was sutured in place with a continuous 10/0 
nylon suture. The surgery was uncomplicated though 
technically difficult because. of thinning of the host 
cornea peripherally. Six days later there was an 
aequeous leak, with hypotony. The anterior chamber 
was shallow, the suture loose, and the graft 
oedematous. Following placement of a single 10/0 
nylon suture at the site of the leak the anterior 
chamber reformed and the leak was sealed; the 
cornea cleared, and there were no synechiae. Fifteen 
days later the continuous suture had loosened slightly 
between 8 and 10 o'clock at the site of the leak, and 
mucus had become adherent to it. This caused no 
problems, and no change in management was 
required save for the addition of 10% acetylcystine 
drops four times daily. 

Ten months after surgery, in October 1985, the 
suture had loosened superiorly, and this section was 
removed. At this stage the corrected visual acuity 
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was 6/5, and the patient was taking prednisolone 
(Predsol) twice daily in addition to the acetylcystine. 
A few days after the removal of the suture the graft 
developed a superficial corneal crystalline stromal 
infiltrate (Fig. 1) at 9 o'clock, which appeared to be 
associated with a suture track. The epithelium was 
intact and the remainder of the graft clear; the 
anterior chamber contained occasional cells. Con- 
junctival swabs were taken, but no bacteria grew on 
blood agar plates. A corneal scraping was not carried 
out because of the intact epithelium. 

Treatment with prednisolone was continued and 
intensive topical gentamicin and methicillin started. 
After five days, when the possibility of a strep- 
toccocal infection was realised in the light of the 
experience of others," treatment was changed to 
topical penicillin and corticosteroids. The lesion 





Fig. | 
October 1985. 


The initial appearance of the crystalline lesion in 
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Fig.2. The development of further crystalline deposits in 
February 1986 


regressed. After six weeks. in November 1985, the 
antibiotics were stopped. 

In February 1986, three months after withdrawal 
of the antibiotics, the stromal lesion recurred and was 
associated with a crystalline opacity spreading into 
the graft at midstromal level. Topical penicillin and 
steroid was again started. A corneal scrape failed to 
grow any organisms when directly plated on to blood 
agar; a Gram stain was not performed. The eye 
initially worsened. It became painful, with the 
development of photophobia and redness, but the 
clinical signs were unchanged (Figs. 2, 3). Penicillin 





Fig. 3 
February 1986 


Magnified view of the crystalline deposits in 
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was stopped, and, because of the possibility of a more 
serious infection, the patient was given a subcon- 
junctival injection of gentamicin and methicillin and 
was Started on systemic treatment with the same 
antibiotics. The eye improved on this regimen, with a 
reduction in the area of opacification and no progres- 
sion of the crystalline keratopathy. Two weeks after 
the acute episode the patient was using gentamicin 
and methicillin every two hours and prednisolone 
three times daily. The gentamicin was stopped one 
week later. 

Three months later the crystals had markedly 
regressed. The patient at this time was taking 
prednisolone and methicillin twice daily, having 
received antibiotics for a total of three months. At 
follow-up in September 1986 there had been no 
recurrence, and the corrected visual acuity was 6/9. 
Slight stromal scarring persisted peripherally at 
9 o'clock, but all crystalline appearances had 
regressed completely. Subsequent follow-up 
revealed no change (Fig. 4). 


Discussion 


Gorovoy etal.’ reported the first case of a crystal-like 
deposition associated with infection in a corneal 
graft. In his case, as in other reports, there was no 
sign of ocular inflammation. The crystalline appear- 
ance progressed over five months, and the patient 
eventually required a regraft. There is no mention of 
any culture being performed, and no antibacterial 
therapy was given. Analysis of the corneal button 
removed showed a localised ingrowth of epithelium 
associated with a suture, and from this area colonies 
of Gram-positive bacteria were seen extending 
between the stromal lamellae. 

Meisler et al.’ presented an initial series of three 





Fig.4 


The corneal appearance in February 1987. Note that 
central white area is light reflection 
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patients with infectious crystalline keratopathy: two 
developed after penetrating keratoplasty, one in a 
herpetic eye. Two of the three patients grew an 
a-haemolytic streptococcus either from a corneal 
scrape or from a diagnostic keratectomy. All three of 
his patients were treated with antibiotics. The lesions 
resolved, leaving a vanable amount of scarring or 
corneal oedema. 

Samples et al.? reported on a patient, again show- 
ing no sign of ocular inflammation, who was treated 
for a presumed fungal infection. Diagnostic kera- 
tectomy had failed to demonstrate any organisms. 
The situation worsened so that a further graft had to 
be performed. Examination of the corneal button 
showed dense bacterial colonies beneath Bowman's 
membrane. 

Reiss’ reported on a patient in whom Streptococcus 
viridans had been cultured from a corneal scrape. A 
repeated graft had to be performed, however, and 
microscopy of the button again demonstrated the 
presence of intrastromal bacteria. 

The case reported in this paper follows a similar 
pattern to those reviewed above. The recurrence of 
the lesion after a short course of antibiotics indicates 
that topical treatment must be continued for some 
months to eradicate the infection. The location of 
the organism within the stroma, demonstrated by 
electron microscopy"? not only makes it difficult to 
obtain specimens to culture an organism but also 
presumably lends protection to the bacteria from the 
effect of topically applied antibiotic 

The way in which the bacteria penetrate the 
corneal stroma and the reason for their growth in the 
anterior part of the stroma is open to speculation. A 
suture track would seem the most probable mode of 
bacterial entry into the stroma, but any break in 
Bowman's membrane, no matter how caused, would 
suffice. The immunosuppressive effect of topical 
corticosteroids may also play a part. All but one of 
the cases reported have occurred in patients with 
corneal grafts, for whom prolonged steroid treatment 
is usually required. There have been no reports of a 
similar process occurring in cataract surgery, where 
the period of steroid treatment is much shorter. 
Samples et al? suggested that the predilection of 
the organism for the anterior stroma reflects an 
advantageous environment for growth at this depth 
in the cornea. 

The nature of the crystalline appearance itself is 
also obscure. Reiss et al? suggested that it may be 
formed by the bacterial colonies themselves as they 
grow between the lamellae of the corneal stroma. 
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With the electron microscope Samples ef al? 
observed electron dense bodies with needle-like 
projections and considered that they were respons- 
ible for the crystalline appearance. The origin of 
these bodies was uncertain. 

It might be suggested that the crystals are the result 
of the precipitation of immune complexes formed as 
a result of an immunological response to intrastromal 
bacteria. This would be akin to the suggested 
aetiology of the crystals seen in graft rejection.*' 
These have been reported as appearing at the deep 
stromal level between five and 30 days after rejection 
of the graft. The crystals differ from those seen in the 
case of infectious crystalline keratopathy in that they 
are found in the deep stroma and respond to steroid 
treatment alone. The suggested cause of these 
crystals 1s a precipitation of immune complexes 
formed between host antibody and donor stromal 
antigens A further suggestion had been that the 
crystals may be the result of lipid deposition.? The 
appearance is not, however, typical of that seen in 
lipid keratopathy and it would not be expected to 
resolve with antibiotic treatment. 


CONCLUSION 

Stromal infection of a corneal graft may present as a 
superficial or midstromal crystalline keratopathy in a 
quiet or minimally inflamed eye. It is associated with 
the presence of intrastromal bactena and must be 
differentiated from the deep crystalline keratopathy 
seen in graft rejection. Treatment should be with 
thorough, prolonged application of antibiotics, 
which 1s curative. 
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Globe luxation in histiocytosis X 


C M WOOD, A D J PEARSON, A W CRAFT, AND J W HOWE 
From the Department of Ophthalmology, Royal Victoria Infirmary, Newcastle upon Tyne, and the Department 


of Child Health, University of Newcastle upon Tyne 


SUMMARY A boy with histiocytosis X, first diagnosed at the age of 9 months, presented at the age 
of 5 years with left globe luxation. Under general anaesthesia the globe was reduced and a 
temporary paracentral tarsorrhaphy carried out. He was started on a course of oral steroids. Two 
years later he had normal visual acuity, full ocular movements, and healthy fundi. 


Histiocytosis X, Langerhans cell histiocytosis, is an 
uncommon condition in which non-malignant histio- 
cytes proliferate and invade various organs including 
skin, bone, liver, spleen, lung, and bone marrow. In 
most cases in children the condition 1s self-limiting, 
though a few have progressive disease and die from 
faure of infiltrated organs.'? Orbital involvement 
occurs in 20-25% of patients with histiocytosis X 
and proptosis ıs the main ophthalmic problem.** 

Globe luxation is rare, generally being precipitated 
by raised intraorbital pressure,’ lid manipulation,’* 
or trauma’ in patients with shallow orbits,?" lax 
orbital ligaments," or anomalous extraocular 
muscles.” Expanding orbital tumours may produce 
marked proptosis, but actual globe luxation is 
exceedingly rare. We describe a 5-year-old boy 
with orbital involvement by histiocytosis X who 
developed a luxated left globe 


Case history 


At the age of 9 months this boy was diagnosed as 
having histiocytosis X when he presented with a 
cystic swelling behind his left ear, a follicular maculo- 
papular rash, hepatosplenomegaly, mihary shadow- 
ing on chest x-ray, and a skull x-ray with multiple 
osteolytic lesions. Biopsy of both skin and the mass 
behind his left ear confirmed the diagnosis of histio- 
cytosis X. Treatment was started with vinblastine, 
oral prednisone, and cyclophosphamide. On this 
regimen the histiocytosis X resolved, but over the 
subsequent three and a half years he had three 
further relapses involving the skin, left mastoid, and 
occipital region and was treated with courses of 
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vinblastine and prednisone and irradiation to the 
mastoid. 

At the age of 3 he developed bilateral proptosis, 
more marked on the left. Investigations again 
revealed multiple bony lucencies in the skull. His 
proptosis was resistant to vinblastine and prednisone, 
and VP16 produced only minimal improvement. He 
therefore received radiotherapy (100 cGy) to both 
orbits at the age of 3 years 11 months. The proptosis 
did not completely respond, and at the age of 5 he was 
again put on prednisone 20 mg daily, and because of 
left lagophthalmos a lateral tarsorrhaphy was carried 
out. This produced a slow response, and the steroid 
dosage was reduced to 10 mg of prednisone on 
alternate days. A CT scan of his skull showed 
persistent bony defects of the middle cranial fossa, 
especaally the lesser wing of the sphenoid bone and 
the petrous temporal bone. 

At the age of 5 years 3 months he presented as an 
emergency with left globe luxation, which occurred 
while he was straining and which would not spon- 
taneously reduce. His left visual acuity was counting 
fingers only, he had a hazy left cornea, and, while 
there was no definite afferent pupil defect, the left 
pupil showed a very sluggish reaction to light A CT 
scan showed a much enlarged retroorbital mass (Fig. 
1). Under an anaesthetic the luxated globe was 
reduced, a paracentral tarsorrhaphy performed, and 
the dose of prednisone increased to 60 mg daily. This 
produced a substantial reduction ın the proptosis, 
and after three weeks the tarsorrhaphy was opened. 
Dunng the subsequent 10 months the dose of steroids 
was gradually reduced to 15 mg on alternate days. 
Two years later the left eye shows no evidence of any 
permanent damage due to the luxation (Fig 2). He 
had a visual acuity of 6/6 in both eyes, a full range of 
ocular movements, and healthy optic discs and fundi. 
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CT scan of orbits showing luxated left globe with a 
large retroorbital mass 


Fig. | 


Visual evoked responses to a pattern reversal 
stimulus with a 50-minute check at 95% and 50% 
were entirely within normal limits with respect to 
both latency and amplitude from each eye. 

There have been no further episodes of globe 
luxation. 


Discussion 


Orbital involvement in histiocytosis X usually occurs 
in the chronic multisystem form of the condition 
which was previously called Hand-Schüller-Christian 
disease and rarely presents in the acute multisystem 
variety of Letterer-Siwe disease.'' In one series with 
only soft tissue involvement the orbits were not 
affected, suggesting that they become so from 
adjacent bony involvement." The commonest signs of 
ophthalmic involvement are bilateral or unilateral 
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Fig.2 Patient at 2’ years and after globe luxation 
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proptosis and less frequently papilloedema with optic 
atrophy. When bilateral papilloedema is present it 
is often associated with central nervous system 
disease, and it may result in bilateral optic atrophy 
with visual impairment.’ Globe luxation is not 
described in several reviews of histiocytosis X.* 

In most cases of globe luxation due to either a 
shallow orbit or lax orbital ligaments reduction is 
easily achieved, and the patients have a good visual 
prognosis.“ In contrast luxation due to space occupy- 
ing lesions is much more likely to cause loss of vision, 
and the management of the patient often involves 
orbital decompression," tumour excision, and very 
occasionally enucleation." 

As the majority of lesions in histiocytosis X are 
self-limiting, conservative treatment without 
jeopardising vision should be attempted. In the 
present case simple reduction supported by a tem- 
porary tarsorrhaphy and oral steroids produced a 
very satisfactory long-term result. The pre-existing 
lateral tarsorrhaphy which had been carried out to 
prevent exposure keratitis may have produced a 
tighter orbit, which would increase intraorbital pres- 
sure and increase the risk of luxation. Further, once 
the luxation had occurred, the smaller than normal 
palpebral aperture would have hindered reduction of 
the globe. 

Radiotherapy.” excision of the tumour mass. 
orbital decompression, or intralesional steroids are 
alternative approaches, Radiotherapy had already 
been administered in this case, and the other 
methods were not only more invasive than that 
adopted but also more likely to have an adverse effect 
on vision and ocular motility.' 

Severe proptosis in histiocytosis X should be 
carefully observed, and, if symptoms are progressive, 
therapy should be directed to preventing globe 
luxation. If this does occur. then conservative 
management may produce the best long-term visual 
prognosis. Lateral tarsorrhaphy should be avoided, 
for although it relieves corneal exposure it may 
increase the long-term risk of globe luxation. 
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Floppy eyelid syndrome associated with keratotorus 


ALEKSANDAR PARUNOVIC anp BOZIDAR ILIĆ 


From the University Eve Clinic, Belgrade, Yugoslavia 


SUMMARY 


A case of floppy eyelid syndrome associated with keratotorus is presented, The patient 


was thoroughly examined and followed up for several years. During that time he developed an 
acute corneal hydrops. The importance of this association for the better understanding of the 


syndrome is discussed. 


The floppy evelid syndrome is a fairly newly recog- 
nised clinical entity of so far unknown aetiology. The 
first authors to describe it^ noted the association of 
the syndrome with other ocular or systemic dis- 
orders. We report here on a patient who has had 
floppy eyelids associated with a specific. corneal 
ectasia—keratotorus. 


Case report 


A 54-year-old man was seen for the first time at 
the University Eye Clinic in 1961. Stanković and 
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Fig. | Acute keratotorus with everted floppy evelid 
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Stanković published a detailed description of this 
case.’ He had a typical bilateral keratotorus with 
myopic astigmatism against the rule and clear 
pyriform ectatic cornea. No changes in the lids were 
recorded. 

In 1985 he presented to us with a red, inflamed 
right eye together with acute oedema of the ectatic 
part of the cornea. The cornea of the left eye was 
clear, with typical unchanged keratotorus. There was 
a punctate keratopathy of the entire corneal surface 
in both eyes. The upper eye lids could be easily 
everted and pulled up. The palpebral conjunctiva of 
the upper lid. especially in the right eye, showed a 





Keratotorus in the left eve. 


Fig.2 


Floppy eyelid syndrome associated with keratotorus 


marked papillary hypertrophy. The patient was not 
o 

Local corticosteroids were administered, and after 
two weeks the corneal oedema as well as the inflam- 
matory reaction almost disappeared. 

In the next few months the eye was quiet and the 
corneal oedema resolved, but the scar ın the central 
ectatic part continued to show a typical pyriform 
ectasia. The patient refused any type of surgery. 


Discussion 


The first recognised association of the floppy eyelid 
syndrome was with obesity and nocturnal lagophthal- 
mos,'? later with hyperglycinaemia,! blepharochala- 
sis,’ and tapetoretinal degeneration.‘ There has been 
only one report on the association of floppy eyelid 
with keratoconus* but not a single one with kerato- 
torus, or acute hydrops of the cornea. It is true, 
however, that there is no unanimity of opinion on the 
relation of keratoconus and keratotorus with 
pellucidal marginal degeneration. Most European 
ophthalmologists' "* regard them as distinct clinical 
entities, but some American authors consider 
clinically different corneal protrusions to be variants 
of one and the same condition.’ Whichever is correct, 
the floppy eyelid syndrome in our patient was 
associated with acute hydrops of an unusually ectatic 
cornea (keratotorus). 

There are two theories about the possible aetiology 
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of the floppy eyelid syndrome. It is either the result of 
a partial nocturnal lagophthalmos or an ocular mani- 
festation of a so far unknown systemic disorder. The 
case we describe here seems to support the latter 
theory. We have already seen a patient with both 
keratoconus and floppy eyelids, and similar observa- 
tions have been reported.‘ However, there has 
always been plenty of evidence of the association of 
keratoconus with many systemic diseases, to mention 
only Down’s syndrome endocrine disorders, and 
atopic disease. 
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a4-Antitrypsin phenotypes in acute anterior uveitis 


I R FEARNLEY', D J SPALTON,' A MILFORD WARD, B SLAVIN, 
AND F MUNCEY* 


From the ' Department of Ophthalmology, St Thomas’s Hospital, London; the?Protein Reference Unit, Royal 
Hallamshire Hospual, Sheffield; the Department of Chemical Pathology, St Thomas’s Hospital, and the 
‘Department of Radiology, St Thomas's Hospital 


SUMMARY The a,;-antitrypsin phenotype PiMZ has been reported to have a higher than normal 
incidence in patients with acute anterior uveitis, indicating an important role in the immuno- 
genetics of this condition. We have determined the incidence of this phenotype in 72 patients with 
acute anterior uveitis. It was found to occur in four patients (5-696 of the total), with the highest 
incidence (3/34 or 8-896, p<0-001) in patients negative for HLA B27 and without sacroiliac joint 
disease. The incidence in HLA B27 positive patients was normal. No correlation was found with 
the severity, bilaterality, or recurrence of uveitis. Although this increased incidence is statistically 
significant in comparison with the normal population incidence of 2-695, its direct clinical 
significance is questionable; the most likely explanation for it includes possible linkage with other 
immunoregulatory genes. We also found a lower than expected incidence of the phenotype PiMS, 


and discuss the relevance of this finding. 


The association between HLA B27, ankylosing 
spondylitis (AS), and acute anterior uveitis (AAU) 
has been known for over 14 years.' Thus tissue type, 
which ıs found in 7 to 8% of the general population, 
occurs in virtually all patients with both anterior 
uveitis and ankylosing spondylitis but only 45 to 50% 
of patients who have antenor uveitis without 
systemic disease.?? Furthermore, only 0-15% of the 
HLA B27 positive population will ever get anterior 
uveitis. It ıs therefore apparent that there must be 
some alternative genetic or environmental factor 
which predisposes an individual to attacks of acute 
anterior uveitis. 

In 1978 Brewerton et al.* demonstrated a substan- 
tally increased incidence of the a,-antitrypsin pheno- 
type PiMZ (associated with relatively lower blood 
levels of this major protease inhibiting enzyme) in 
patients with anterior uveitis, occurring in 30% of 
those with anterior uveitis and ankylosing spondylitis 
and 21% of those with anterior uveitis alone. The a,- 
antitrypsin phenotypes are internationally annotated 
by an alphabetical method, prefixed by Pi (protease 
inhibitor), with one letter for each allele (some of 
which have several subtypes, annotated numeric- 
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ally) Some 59 different alleles have been recognised, 
the most prevalent being M (hence PiMM is the most 
common phenotype). As the Pi gene locus is on 
chromosome 14 while that of the HLA system is on 6, 
this suggested a hitherto unrecognised inherited 
susceptibility to anterior uveitis capable of operating 
independently of HLA B27 through insufficient 
inhibition of inflammatory proteolysis by a- 
antitrypsin. 

Although these findings have been confirmed by 
some authors,** albeit with lower incidences, they 
have been refuted by others.’* The result is a lack of a 
definitive understanding of whether a deficiency of 
a,-antitrypsin is of clinical importance in the suscept- 
ibility of an individual to anterior uveitis. We now 
present our data from a well-defined group of 72 
patients with acute anterior uveitis who presented to 
St Thomas’s Hospital, London, between 1984 and 
1986, and who were classified according to race, 
HLA B27 status, sacroiliac joint disease, recurrence, 
bilaterality, and severity of inflammation. 


Subjects and methods 


In this study acute antenor uveitis is defined as an 
acute, non-granulomatous inflammation of the 
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anterior uveal tract. It was usually unilateral, and 
charactensed by a history of pain, photophobia, and 
blurring of vision, with circumcorneal injection, 
keratic precipitates, and cells and flare in the antenor 
chamber 

The 72 patients who presented to the Eye Casualty 
Department with anterior uveitis were studied in our 
uveitis clinic, where we recorded their age (range 16 
to 73 years, mean 43), sex (41 male, 31 female), and 
race. Other details included whether it was a first 
or recurrent attack of AAU and whether it was 
unilateral or bilateral. The severity of inflammation 
at presentation was clinically graded as mild, 
moderate, or severe In those patients seen when 
convalescent these details were obtained from the 
records. 

Tissue typing, in order to ascertain HLA B27 
status, was carried out on a 20 ml sample of citrated 
venous blood. 

a,-Antitrypsin phenotyping was performed at the 
Protein Reference Unit of the Royal Hallamshire 
Hospital, Sheffield, by the established technique of 
isoelelectric focusing of serum samples on poly- 
acrylamide gels, ın accordance with Brewerton's 
study * Incidence values for the normal south-east 
England population were used as controls in this 
study.’ 

Radiological assessment of the patients’ sacroiliac 
joints was carried out according to New York 
criteria” by a member of the Department of 
Radiology, St Thomas’s Hospital, who was not 
informed of their HLA B27 status or any relevant 
history other than the fact that all had antenor 
uveitis. Patients scoring 2 or more out of 4 by this 
method were classified as having sacroiliac joint 
disease. 

The results were analysed by x! tests. 


Results 


The incidences of the major phenotypes in our study 
group are displayed in Table 1, which also shows the 
results divided into different ethnic groups. The 


Tablel Incidences of the major Pi phenotypes found in our 
study group compared with those of the UK population as 
controls (percentage in parentheses) 





Phenotypes n PIMM PIMS PIMZ PM* 
UK inedence (86 5) (9 3) (2-6) (0 7) 
Studygroup 72 65 (90 3) 2(2 8) 4(5 6) 101 4) 
Caucaman — 56 50(89 3) 2(3-6) 3(54) 1(18) 
Negro 7 7 (100) - - - 
Asian 5 4 (80) - 1 (20) a 
Onental 4 4(100) - = - 

*No known chrical significance 


637 


Table2 Phenotype incidences in HLA B27 positive and 
negative patients, and in those with and without evidence of 
sacrothac joint (SI) involvement (percentages in 
parentheses) 





Phenotypes n PiMM PIMS PIMZ Pil M 
B27 negative 34 30 (88-2) = 3(8 8) 1(29) 
B27pontrve 38 35(92 1) 2(5 3) 1(2 6) - 
SU neg* 57 53 (93 0) - 3(53) 1 (18) 
SU post 15 12 (80-0) 2(13 3) 1(6 7) - 
B27positive, 23 23 (100) - - - 

SU neg 


"Twenty three HLA B27 positive and 34 negative 
TAI HLA B27 positive 


normal values for the United Kingdom are given as 
controls. As can be seen, the study population as a 
whole was an atypical sample (p<0-05) owing to a 
possibly higher incidence of phenotype P1MZ (5-696, 
p=0-10) and a slightly lower incidence of PiMS 
(2-896, 0-.05«p«0-10). When the group was 
subdivided according to ethnic origin, only the 
Caucasian group (n—56) was large enough to warrant 
valid statistical analysis, and the results of this group 
murrored those of the study group as a whole, with a 
PiMZ incidence of 3/56 (5-496) and a PiMS incidence 
of 2/56 (3-696). 

When the patients were divided into those who 
were HLA B27 positive and negative, and those who 
did and did not have radiological evidence of sacro- 
iliac involvement (Table 2), it was found that our 
sample population showed a typical distribution of 
the incidences of HLA B27 (38/72, 52-896) and 
sacroiliac disease (15/72, 20 896) for patients with 
anterior uveitis (p>0-50). Analysis of the individual 
groups showed that the B27 negative patents 
followed the trend of a possibly lower incidence of 
PiMS (0-05<p<0- 10) and a higher incidence of PIMZ 
(p<0-025) when compared with the normal United 
Kingdom population. When the B27 positive group 
was considered as a whole, it showed a normal 
distnbution of phenotypes (p>0-75), with no signifi- 
cant difference between those who had evidence of 
sacroiliac disease and those who did not Those 
patients who had no sacroiliac involvement (irrespec- 
tive of HLA B27 status), like the B27 negative group, 
also showed a lower incidence of PIMS (p<0-025) 
and a possibly higher incidence of PiMZ (0-05< 
p<0-10). Those who did have sacroiliac involvement 
(all HLA B27 positive) had an essentially normal 
distribution of phenotypes (p>0-75) 

Our results showed no significant difference in the 
phenotype incidences when the severity of anterior 
uveitis was expressed in terms of bilateral or recur- 
rent disease (Table 3). Only seven of the 72 patients 
had bilateral disease, and all were PIMM, the remain- 
ing 63 (laterality not recorded in two patients) having 
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the same phenotype incidences as the whole group. 
There was no significant difference between those 
who had recurrent inflammation and those present- 
ing for the first time, nor between those presenting 
with clinically mild, moderate, or severe inflamma- 
tion. 


Table3 Phenotype incidences in bilateral and recurrent, 
and mild, moderate, and severe acute anterior uveitis 





(percentages in parentheses) 

Phenotypes n PIMM PIMS PIMZ PiFM 
Unilateral 63 56(88-8) — 2(32)  4(63)  1(16) 
Bilateral 7 710) - = = 
Notrecorded 2 2(100) — - = e. 
Fustattack 37 — 33(892) — 1(27)  2(54)  1Q7) 
Recurrent 33 — 30(99)  1(0) 2(6)  - 
Notrecorded 2 2(100) - - - 
Mild 21  20(0552) - 1(48)  - 
Moderate 39 © 34(872)  2(51)  2(5D 128) 
Severe 12 ne - 1(83) - 


Of the four patients with the PIMZ phenotype only 
one was HLA B27 positive, and she presented as a 
severe, recurrent, uniocular inflammation with grade 
2 radiological evidence of sacroiliac disease. The 
remaining three were all B27 negative, with no 
evidence of sacroiliac involvement. Two presented 
with moderate inflammation (one of whom had 
recurrent anterior uveitis), and one had a mild first 
attack. All three were unilateral. i 


Discussion 


There are at least 59 different alleles for the a- 
antitrypsin gene, only two of which, Z and (to a lesser 
extent) S, are associated with a deficiency of the 
enzyme. Severe deficiency produced by homozygote 
PiZZ or PiSS, and associated with primary emphy- 
sema and juvenile cirrhosis, is well documented ." 
Heterozygote phenotypes for Z and S, occurring with 
M or 0 (null), have been suggested to be associated 


Table4 Compansons of our results with the PIMZ 
incidences in other studies of acute anterior uveitis, with and 
without sacroiliac joiu (SL) disease (percentages in 
parentheses) . 


Study group SU disease SU disease 
negative postive 

Fearniey et al 3/31 (5 3) 1/15 (6 7) 

Brewerton et al. 10/47 (21 3) 10/33 (30 3) 

(later reapprassed) 9/64 (14-1) 15/52 (28 8) 
etal.’ 4/30 (13 3) 4/29 (13-8) 

Wakefield et al ? 380 (3 8) 

Grabner et ai * 3/65 (4 6) 

Brown eral ? 7133 (0) 


IR Fearnley, DJ Spalton, A Milford Ward, B Slavin, and F Muncey 


with less severe hepatic and pulmonary disease, 
juvenile arthritis, ? and psoriasis," as well as anterior 
uveitis 

An increased incidence of phenotype PIMZ was 
seen in our patients when taken as a whole, with 
values ranging up to 8:896 depending on which 
subgroup is considered. In none of these cases, 
however, does it occur with the frequency described 
by some workers (Table 4). Although our results are 
just statistically significant when compared with the 
normal south-east England inadence of 2-6% , it is 
difficult to argue their clinical significance 1n proving 
that the relatively lower levels of a,-antitrypsin 
associated with phenotype PiMZ do predispose to 
anterior uveitis. This argument is further confounded 
by the fact that uveitis is not a major clinical feature in 
those who have the PiZZ genotype." 

Those authors whose results failed to show any 
significant difference in the incidence of phenotype 
PiMZ in anterior uveitis'* have suggested that this 
mught be due to differences in the ethnic make-up of 
the various sample populations. It ıs known that the 
incidence of PiMZ can vary between 1 and 4% for 
different populations (it occurs much less frequently 
in Negroes and Asians), but this 1s not enough to 
explain the magnitude of the discrepancies seen 
between different study groups (Table 4). Our popu- 
lation came from the same area as that of Brewerton 
et al in London, and, although it 1s moderately 
heterogeneous, one would expect a closer correlation 
between our results. Instead we found almost the 
opposite, with no particular correlation between the 
incidence of PiMZ and sacroiliac joint involvement 
(all HLA B27 positive), as one might expect if the 
Pi system was independent of the HLA system. 
Brewerton himself thought that such differences seen 
might be due to the more rigorous selection tech- 
niques used ın his studies," but we have used 
simuarly ngorous selection techniques ourselves with 
our study group. Indeed, by using only radiological 
criteria to assess sacroiliac disease, we have probably 
created several false negatives (patients who have 
early sacroiliac involvement but have not yet 
developed radiological evidence of 1t), which would 
serve only to enhance the incidence reported in those 
patients who were diagnosed as having sacroiliac 
disease. Not only did we fail to demonstrate such a 
high incidence of P1MZ ın anterior uveitis, but we 
also found no significant difference ın its incidence 
between those uveitic patients who also had sacro- 
iliac joint disease and those who did not.*" In fact, 
the incidence of PiMZ in our study group was higher 
in cases of B27 negative anterior uveitis without 
sacroiliac involvement. We were sumilarly also 
unable to show any difference within our group in the 
incidence of PiMZ with increased clinical severity of 
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uveitis, bilaterality, or relapse, in contrast to the 
findings of Wakefield et al.* 

One unusual finding which some workers'* have 
also reported, but failed to comment on, is the 
relatively low incidence of the phenotype PiMS in 
antenor uveitis patients, as this is normally the next 
most frequently occurnng phenotype (9-396) after 
PiMM (86-596) ın the United Kingdom. As the 
genotype PiSS has been associated with severe 
deficiences of a,-antitrypsin 1n much the same way as 
PiZZ, it might be expected that the incidence of 
PiMS should also be increased in anterior uveitis 
Our results, if anything, show a negative correlation 
of PiMS with acute anterior uveitis, possibly 1mplying 
a protective role similar to that seen with some tissue 
types in other disease." 

The theory of a PiMZ association with anterior 
uveitis is an attractive one, as it provides a potential 
genetically determined immunochemical mechanism 
for disease susceptibility. It is becoming increasingly 
clear, however, that its potential role as a predispos- 
ing gene is at best part of a far more complex 
immunogenetic mechanism, and it might even be 
merely a marker for an alternative, as yet unidenti- 
fied, gene. Chromosome 14 is known to contain 
several genes associated with immunoglobulins and 
their synthesis, and there has recently been some 
interest in the possible role of the IgG heavy-chain 
(Gm) allotypes in determining susceptibility to 
anterior uveitis. The gene locus for the Gm allotypes 
1s on chromosome 14q, in close proximity to that of 
the Pi system,“ with which it occurs in autosomal 
linkage," and it was argued that the PIMZ phenotype 
was only a genetic marker for a specific Gm 
allotype * An association between such specific 
allotypes and anterior uveitis has, however, since 
been refuted” and retracted.” 

At present, research into the immunogenetics of 
acute anterior uveitis and other inflammatory 
diseases" has mainly served to emphasise the com- 
plexity of the systems involved and the likelihood 
that these are controlled through a multiplicity of 
endogenous and exogenous factors which have yet to 
be correlated with each other. 
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Chemical burns to the eye 


Sin, Mr S J Morgan emphasises the need to distinguish 
between ammonia and antipersonnel or antirape sprays 
such as CS and Mace ! From personal expenence over the 
past 18 months I can describe a very simple and rapid 
method of differentiation 

In a series of 17 patients who had been assaulted with a 
pungent fluid one had a strong smell of ammonia on his 
clothes and clinically had features of a grade 1-2 alkali burn 
The other 16 presented with the coughing, blepharospasm, 
lacnmation, and irritation of the eyes and exposed skin 
typical of antipersonnel agents. In attending these cases 
all those who approached within 1/3 m experienced mild 
transient irritation. of their eyes and exposed facial skin. 
This did not require direct patient contact and disappeared 
as the patient’s symptoms lessened Once experienced, it 1s 
very characteristic There was no detectable smell, as is 
found with ammonia 

I attribute this phenomenon to the agent evaporating into 
the atmosphere round the patent Ocular examination in all 
16 patients revealed only mild conjunctival hyperaemia and 
occasional punctate corneal staining 

LUCILLA BUTLER 

Birmingham and Midland Eye Hospital, 
Church Street, 
Birmingham B3 2NS 
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Sir, I can only say that I have never expenenced the 
symptoms of CS gas intoxication whether at first hand or by 
being ın proximity to a patient so afflicted I am sure Miss 
Butler's observation is a valuable one when seeing a patient 
soon after an attack S J MORGAN 


The Eye Hospital, 
Wilton Avenue, 
Southampton SO9 4XW 


Book review 


Manual of Corneal Surgery. Eds WiLLIAM E BRUNER, 
WALTER J Starx, A Epwarp MAUMENEE. Pp. 139. 
£27.50 Longman: Harlow, Essex 1987. 


It should be self-evident that an author knows for whom his 
book is written. It is by no means obvious that the editors of 
this small volume or their many eminent contributors are at 
all sure who will constitute their readership. It 1s perhaps 
impossible to condense the elements of corneal surgery into 
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135 pages; the result is a disappointing, over-abbreviated 
work The lack of detail or scientific background makes it of 
limited use to the working corneal surgeon, while the 
balance of the book would be inappropriate for an ophthal- 
mologist in training, with three out of 13 chapters being 
devoted to refractive surgery, when some of the techniques 
(for example, hydrogel corneal inlays) are highly expen- 
mental Can it really be the case that American ophthalmic 
surgery has diverged so far from European practices? 

Liberal use has been made of simple diagrams which are 
easy to follow The text, too, is clear and comprehensible, 
giving the impression that corneal surgery is simple It isn't 
I feel the authors have not done themselves justice with this 
book, but I am sure it will find a wide readership 

COLIN M KIRKNESS 
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Hong Kong symposium 


A Clinical Ophthalmological Symposium will be held at 
Hong Kong on 2-4 December 1988. Details from Dr Patrick 
C P Ho, c/o Secretanat Office, Room 810-814 Wing on 
Plaza, 62 Mody Road, Tsimshatsui East, Kowloon, Hong 
Kong 


Implant lenses 


The Seventh Intraocular Implantlens Counal Meeting 
(EIIC) will be held on 27-31 August 1989 at Zurich, 
Switzerland, on soft IOLs in children, IOL pathology 
and complications, and high-tech surgery. Details from 
AKM Congress Service, PO Box CH-4005, Basel, 
Switzerland. 


Ocular trauma 


An International Congress on Ocular Trauma will be 
held at Tel Aviv, Israel, on 19-24 February, 1989. Further 
information from The Secretariat, PO Box 50006, Tel- 
Aviv 61500, Israel. 


Retinitis pigmentosa 


The Sth Internatonal Retinitis Pigmentosa Congress 
wil be held at Melbourne, Australia, on 4-7 November 
1988 Its purpose is to stimulate and develop research 
in the Asian-Pacifle region. Details from Congress 
Convenor (Leonie Kelleher), 44A Oxley Road, Haw- 
thorn, Victona 3122, Australia. 
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- Photostress recovery in chronic open angle glaucoma 
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SUMMARY  Photostress recovery time was measured in 30 eyes from 15 patients with chronic open 
angle glaucoma, and 30 eyes from 15 individuals of a similar age group with no ophthalmological 
disorder. The average recovery time in patients with glaucoma was 70-47 (SD 35-39) seconds. The 
average recovery time in the control population was 41-97 (SD 17-34) seconds. This difference was 
statistically significant (p«:0-001). There was a small positive correlation between age and recovery 
time in the control population, whereas there was no correlation between age and recovery time in 
the glaucoma group. There was no correlation between visual acuity and recovery time for either 
group. There was also no correlation between intraocular pressure and recovery time for the 
glaucoma group. It was not possible to control for pupillary dilatation in this study. However, 1t has 
been previously demonstrated that pharmacological meiosis will not delay photostress recovery 
time in normal subjects. This is the first report of photostress recovery testing 1n patients with 
chronic open angle glaucoma. The results are discussed in terms of the pathophysiology of 


glaucoma and previous photostress studies in patients with macular disease. 


Photostress recovery time (PSRT) has frequently 
been used as a quantitative measure of macular 
function. Initially described by Magder! as a clinically 
useful tool for following the progression of central 
serous retinopathy, photostress recovery has also 
been utilised in the study of the ocular toxicity of 
antimalarial medications,’ ocular toxicity of birth 
control pills! and various macular and optic nerve 
diseases." Although a precise pathophysiological 
explanation for aberrant photostress responses has 
yet to be offered, it has been clearly demonstrated 
that optic nerve and macular disease can be differen- 
tiated on the basis of PSRT, where the retina with 
macular disease has an increased recovery time and 
that with optic nerve disease has a normal recovery 
time. 

A major criticism of photostress recovery testing 
has been the lack of a standardised technique in 
conducting the test. The test consists in measuring 
the visual acuity of a given eye, illuminating that eye 
‘with a high intensity light for a specific length of 
time—creating a central scotoma—and measuring 
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the time required for the eye to return to baseline 
visual acuity once the illumination period is over The 
time required to return to baseline acuity is recorded 
as the photostress recovery time. The photostress 
response is not entirely understood but has been 
explained as a transient state of visual insensitivity 
caused by bleaching of the visual pigments of the 
retina.’ Return of sensitivity is dependent on resyn- 
thesis of the visual pigments, and resynthesis requires 
adequate perfusion of the photoreceptors and the 
pigment epithelium. The process is independent of 
optic nerve integrity. 

In order to standardise the approach and simplify 
the implementation of photostress testing a hand 
held instrument was designed to measure photostress 
recovery time." With this instrument, called a sco- 
tometer, the toxic effects of antimalarial medications 
on the retina, as manifested by an increased recovery 
time, were demonstrated.” This instrument has also 
been used to demonstrate the toxic effects on the 
retina of birth control pills? Glaser et al. used an 
ordinary penlight for an illumination period of 10 
seconds to compare recovery time in patients with 
macular disease and optic nerve disease.’ They found 
a small increase in recovery time with increasing age 
in both groups and defined a normal recovery time as 
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less than 50 seconds. Patients with macular disease 
(senile macular degeneration, submacular drusen 
without serous detachment, diabetic retinopathy, 
cystoid oedema) had an average recovery time 
greater than 150 seconds; eyes with optic nerve 
disease (optic neuritis, optic atrophy, ischaemic optic 
neuropathy, lymphomatous  infiltrations) had 
recovery times of 50 seconds or less. The authors 
concluded that photostress recovery testing was ‘a 
valuable adjunct in the clinical assessment of 
decreased vision and a sensitive discriminator 
between occult optic neuropathy and subtle 
maculopathy." 

The following study presents the results of photo- 
stress recovery testing in patients with chronic open 
angle glaucoma and patients of a similar age group 
having no ophthalmological disorder. 


Subjects and methods 


We prospectively studied photostress recovery time 
in patients with chronic. open angle glaucoma 
(COAQ) being followed up at the Glaucoma Clinic 
of Montefiore Hospital, and patients from the 
General Eye Clinic with no known ophthalmological 
disorder. The ophthalmoscope was recharged before 
each testing period for at least eight hours. The 
photostress test was performed before any pharma- 
cological preparation for routine ocular examination. 
Photostress testing was conducted as follows: 

(1) Best corrected visual acuity was determined for 
each eye with Snellen test letters at a distance of 6 m 
(20 feet). All subsequent measurements were 
obtained with the same chart, under the same lighting 
conditions, and by the same investigator. All eyes 
were undilated. Because of the limited number of 
large test letters on the Snellen chart and the possi- 
bility of consequent inaccuracy of measurements, the 
data were considered invalid for eyes with visual 
acuity less than 6/30 (20/100) and were eliminated 
from the analysis. 

(2) The right eye was tested first, with the left eye 
covered by an opaque shield. The patient was 
instructed to look directly into the halogen bulb 
attachment of a Welch Allyn halogen bulb ophthal- 
moscope, which was held 2 to 3 cm from the eye for 
an illumination period of 10 seconds. 

(3) Immediately after the light was removed the 
patient was instructed to read the Snellen chart, 
starting at the first visible line and continuing to 
increasingly smaller lines as they became clear. The 
recovery time was recorded as the time (in seconds) 
required for the patient to read correctly three letters 
of the line just above that recorded as best visual 
acuity. Recovery time was recorded to a maximum of 
150 seconds. 
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(4) The same procedure was then conducted for 
the left eye, with the right eye occluded. 

Intraocular pressure was measured for the COAG 
group with a non-contact air tonometer After being 
photostress tested each patient received a routine 
ophthalmological examination from an ophthal- 
mologist who was not aware of the patient's photo- 
stress scores. Each patient’s chart was later reviewed 
for data on visual field defects, systemic disease, 
medication history, and previous ophthalmological 
procedures and findings. Each control patient had a 
normal antenor and posterior eye. 


Results 


Only data from patients who were capable of having 
both eyes tested were included in the data analysis 
The COAG group consisted of patients with a 
diagnosis of glaucoma in both eyes. The photostress 
recovery time for each eye of a given patient was 
averaged to provide a single photostress score for 
that patient. 

Table 1 summarises the clinical data for patients in 


Table i Clinical data for patients with glaucoma 


Age (yr), Eye — Visual Intraocular PSRT* (s) Recovery 
sex acuity pressure scoret (s) 
(mmHg) 

73,F OD XW 16 150 150 
OS 200 14 150 

78.F OD 2950 12 42 62 
OS 240 15 82 

44,F OD 20/25 14 28 74 
OS 2025 13 120 

78.F OD 2040 18 32 325 

: OS 2/30 20 33 

72M OD 2040 9 35 66 
OS 2730 11 97 

TLF OD 2030 15 19 72 
OS 2025 15 125 

TIM OD 240 21 48 53 
OS 20/30 19 58 

71, M OD 270 22 150 111 
OS 20450 30 72 

74M OD 230 15 42 42 
OS 2y¥30 18 42 

51,M OD 2025 16 43 32 
OS 2025 19 21 

76,F OD 2040 21 88 59 
OS 20/30 15 30 

68,F OD 230 14 22 39 
OS 20/30 14 56 

63,M OD 250 29 81 1155 
OS W 25 150 

56,F OD 2025 33 50 41 
OS 2025 21 32 

66,M OD 2025 NAt 73 108 
OS 2025 NA 143 

*Photostress recovery tune 

tAverage PSRT 
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Table2 Clinical data for control patients 





Age(yr),sex Eye Visuslacuuy PSRT* (s) Recovery 
score? (s) 

67,M OD 2070 20 34 
OS 2050 48 

60, M OD 2030 45 34 
Os 2130 23 

68,F OD 20/30 35 33.5 
OS 20/30 32 

TSF OD 20/30 79 965 
OS 20/30 114 

67,F OD 2025 31 34 
OS 20/25 37 

60, M OD 20/25 20 33 
OS 21y30 46 

51,M OD 20/25 2 215 
OS 20/20 21 

56, M OD 20625 45 41 
OS 2025 37 

60,F OD 2025 4 36:5 
OS 20/25 25 

51,M OD 20/25 57 405 
OS 20/20 24 

S0,F OD 20/30 53 40 
OS 20/30 z1 

48,F OD 2040 25 30 
OS 20/25 35 

66, F OD 21y30 25 51-5 
OS 20/30 T8 

51,F OD 20/25 59 54 
OS 20/25 49 

50,F OD 20/30 55 495 
OS 2025 44 

*Photostress recovery time 

tAverage PSRT 


the COAG group. The average recovery score for 
patients in this group was 70-47 seconds, SD 35-39 
seconds. The average age of patients in this group 
was 68-27 years, SD 10-52 years. The correlation 
between recovery score and age did not reach statisti- 
cal significance in this group (r=0-32, p>0-05). 
The average intraocular pressure was 17-75 (SD 5-01) 
mmHg. The correlation between intraocular 
pressure and recovery score was not statistically 
significant. Likewise the correlation between visual 
acuity and recovery score was not statistically 
significant. 

Table 2 summarises the clinical data for patients in 
the control group. The average photostress recovery 
score for patients in the control group was 41-97 
seconds, SD 17-34 seconds. The difference in 
recovery time between the control group and the 
glaucoma group was significant (p<0-001). Fig. 1 
illustrates the distribution of photostress recovery 
scores. 

The average age of patients in the control group 
was 58-93 years, SD 9-04 years. The difference in age 
between the COAG group and control group was not 
statistically significant. There was a weak correlation 
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between recovery score and age in the control group 
(r=0-41, p<0-05). Fig. 2 illustrates photostress 
scores as a function of age. Repeat photostress 
testing on subsequent clinic visits for a subset of 
patients showed the test results were reproducible. 
Table 3 summarises the photostress results for 
glaucomatous and normal patients 


Discussion 


Magder described photostress evaluation as being 
specific for diagnosing oedema of the macular area.’ 
He proposed that in central serous retinopathy, 
where there is a separation between the pigment 
epithelium and neuroepithelium, normal chemical 
reactions between these layers cannot occur, result- 
ing in a delayed responsivity to light in the photo- 
stress test. Severin ef al.’ explained the photostress 
response in terms of bleaching and resynthesis of the 
visual pigments. They proposed that any pathological 
state which interferes with the ability of the photo- 
receptors to resynthesise photopigment, either by 
interrupting enzymatic steps in the biochemical cycle 
or by altering anatomical relationships, will effect the 
performance reserve of the retina, as shown by the 
photostress recovery test. 


Table3 Summary of photostress test results 





Group Patient Mean age Mean recovery Correlation (r) 
no (yr) score (s) of age vs 

recovery score 

Normal 15 58-9349-04 41 97417 34 0-41* 

Glaucoma 15 68 27410-52 70 47435-39 0 32t 

"Statisticall y agmficantly at p<0-05 

tNot statistically ngnificant 

+=Standard deviation. 
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Fig.2 Photostress recovery score versus age in 15 patients 
with chronic open angle glaucoma and 15 patients with 
normal eyes. 
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In cases where the disease state has already caused 
destruction of the photoreceptors the signs may be 
obvious, manifesting as a change in visual acuity, 
colour vision, visual field, or an abnormal retina. 
However, when the disease is incipient or its effects 
subtle, there may be no noticeable change in vision or 
deterioration on routine examination. In these cases 
aberrant photostress recovery times may be the first 
sign of pathological activity. 

In the present study we found a statistically 
significant increase in photostress recovery time in 
patients with chronic open angle glaucoma as com- 
pared with normal patients of a similar age group 
with no ophthalmological disorder. There was no 
significant correlation between intraocular pressure 
and recovery time. The majority of the glaucoma 
patients had their pressure under control at the time 
of the study. However, when one examines the 
distribution of recovery times in Fig. 1, a broader 
range of scores for the glaucoma group is observed. 
This greater range of scores may indicate that 
different pathological stages were being tested. The 
increased scores of the glaucoma patients cannot be 
explained by the age of this population, as the 
difference in age between the glaucoma group and 
control group was not statistically significant. 

It was not possible to correlate photostress 
response with medical therapy for glaucoma in this 
study. There were not enough patients on a single 
drug regimen to allow unbiased conclusions to be 
drawn. Several investigators have addressed the 
question of the effect of pupillary dilatation on 
photostress recovery.**? These authors have con- 
sistently arrived at the conclusion that pupillary 
dilatation has little or no effect on recovery time. The 
explanation for this observation 1s that the iris of the 
meiotic pupil reduces the luminous intensity only in 
the extramacular region, whereas the photostress 
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stimulus tests the physiological integrity of the 
macula itself " Ulla et al. recently considered the 
effect of pharmacological alteration in pupillary size 
on macular recovery time.” They reported that 
pharmacological mydriasis had no effect, whereas 
pharmacological meiosis reduced the recovery period 
in a group of normal patients. Certainly this point 
deserves further investigation given the results of the 
present study. 

All of the patients in the glaucoma group had some 
form of visual field defect. Only one previous study of 
photostress recovery has considered the issue of 
visual fields.» Severin et al., using an elaborate 
apparatus for retinal dazzling, examined 14 cases of 
maculopathy of various aetiologies, and recorded 
each patient’s visual field with his or her recovery 
time.” Their data are unfortunately inconclusive in 
terms of relating aberrant recovery times to field 
defects However, they did observe markedly 
increased recovery time both in patients with a 
central scotoma (secondary to central serous 
retinopathy) and in a patient with a ring scotoma 
(secondary to chloroquine maculopathy). They did 
not test any patients with glaucoma. 

It has been suggested that increased photostress 
recovery times may result from anatomical derange- 
ment in the area of the macula or decreased perfusion 
of the photoreceptors.’ In previous studies of photo- 
stress recovery, increased recovery scores have been 
clearly related to pathological separation of cell 
layers of the retina. It seems reasonable to assert 
that any disease that causes damage to the photo- 
receptors, pigment epithelium, Bruch’s membrane, 
choriocapillaris, or vascular supply to the macula 
may alter the photostress recovery time. Certainly 
further investigation is necessary to explain the 
pathophysiological basis for delayed photostress 
recovery in patients with glaucoma. 
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Birdshot chorioretinopathy: clinical characteristics 
and evolution* 


HILDE A PRIEM" ann JENDO A OOSTERHUIS 


From the Eye Clinic, University of Gent, Belgium, and the “Eye Clinic, University of Leiden, The Netherlands 


SUMMARY During the period 1980-6 102 patients from 14 European eye clinics were diagnosed as 
having birdshot chorioretinopathy (BSCR). All were Caucasian, and the series consisted of 47 men 
and 55 women, with a mean age of 52-5 years. The major findings in this rare disorder concern the 
ocular fundus. Most marked are the patterned distribution of depigmented spots without 
hyperpigmentation, radiation from the optic disc in association with vitritis, retinal vasculopathy 
with frequent cystoid macular oedema, and involvement of the optic nerve head. The distribution 
and appearance of the lesions suggest that they are related to the major choroidal veins. 
Complications of the disease were epiretinal membranes, retinal neovascularisation, recurrent 
vitreous haemorrhage, subretinal neovascular membranes occurring both in the juxtapapillary and 
macular regions, and optic atrophy. The medical history was not contributary. HLA testing 
showed very strong disease association with HLA A29 (95-875). The evidence suggests that it is 
a single disease entity rather than a group of disorders because of the remarkable similarity in the 
ophthalmological appearance and the clinical course, combined with the exceptionally high 
association with HLA A29. 


In 1980 a rare ocular disease was described by 
Ryan and Maumenee.' In the absence of a known 
aetiology, they chose the descriptive name 'birdshot 
retinochoroidopathy' inspired by the unusual 
picture, which showed multiple small, cream 
coloured lesions, scattered mainly around the optic 
disc and radiating towards the equator, without 
hyperpigmentation at the level of the retinal pigment 
epithelium. Because of the presence of vitritis, 
retinal vasculitis, and cystoid macular oedema they 
likened the disease to pars planitis, but emphasised 
the absence of snowbanking over the pars plana. 
Other descriptive names have been used for this 


*This paper is the result of a collaboration by the following members 
of the European Fluorescein Angiography Club: P Amalric (Albi, 
France); M Spitznas (Bonn FRG); € Orsini Dupont (Caen, 
France); G Coscas, A Gaudric, G Soubrane (Créteil. France); J J de 
Laey. H A Priem (Gent, Belgium): J Hooymans, Z Timmerman 
(Groningen. The Netherlands); J A Oosterhuis, A H Renger-van 
Dijk (Leiden, The Netherlands); A Leys. B Snyers (Leuven 
Louvain, Belgium): A Bird. R Blach. Z Gregor. A M Hamilton, D 
Sharp. J Shilling (London. England): A F Deutman (Nijmegen, The : . 

Netherlands): J A Bernard. G Quentel (Paris. France); G S Fig. Patient of Franceschetti and Babel’ with systemic 
Baarsma, P T V M de Jong. B C P Polak (Rotterdam, The sarcoidosis. White flecks predominantly in nasal periphery 





Netherlands) and round optic disc with radial pattern and tendency to form 
Correspondence to Dr H A Priem, Dienst Oogheelkunde, lines towards periphery. (By permission of the Fondation 
Academisch Ziekenhuis. De Pintelaan 185, 9000 Gent, Belgium Professor A Franceschetti. ) 
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entity, such as 'vitiliginous chorioretinitis' by Gass,’ 
who stressed the similarity of the fundus patches to 
cutaneous vitiligo, ‘salmon-patch choroidopathy’ by 
Aaberg,’ and 'choriorétinopathie en grains de nz’ by 
Amalric and Cuq,* who saw a similarity to the rice 
grain pattern. 

Probably the first description of birdshot chorio- 
retinopathy (BSCR) in the early literature occurred 
in 1949 in a case report by Franceschetti and Babel.’ 
They described a 63-year-old woman with a condition 
they named ‘chonorétinopathie en taches de bougie’ 
(candlewax spots), who had systemic features of 
sarcoidosis. On ocular examination she had minimal 
involvement of the anterior segment with only 
minute keratic precipitates (KP) but had dense 
vitreous opacity. The authors described a pale optic 
disc, very narrow retinal vessels, and multiple white 
‘retinal and chonoretinal’ spots, and stressed the 
absence of pigmentation of the spots (Fig. 1). Later 
they saw areas of choroidal atrophy appear in the 
inferonasal quadrant. All these features are 
characteristic of BSCR. 

Other authors have highlighted special character- 
istics of BSCR such as distinctive electrophysiologi- 
cal abnormalities,‘ its association with the HLA A29 
gene,’ and the occurrence of complications such as 
subretinal neovascular membranes’? and optic 
atrophy.'? The association with a rhegmatogenous 
retinal detachment has also been reported.'**" 
More case reports followed" dealing with small 
numbers of patients only, giving the overall impres- 
sion that BSCR is a rare disease. 

In thus study we analyse in a large series of patients 
the entity known as birdshot chorioretinopathy 
(BSCR) as defined by the accepted clinical picture. In 
particular, we sought to determine whether or not 
this is a single clinical entity or simply a collection of 
exotic cases with similar appearance. 


Subjects and methods 


The patients were collected from 14 ophthalmologi- 
cal departments in five European countries. The 
minimum criteria used for patient selection were 
based on the clinical manifestations as described by 
Ryan and Maumenee.' Each patient was required to 
have the typical cream coloured birdshot spots with a 
symmetrical appearance in both eyes (if asymmetn- 
cal, then one eye should at least be very characteristic 
of BSCR in number, size, and distribution of the 
lesions), together with one of the following features: 
evidence of retinal vasculopathy, evidence of disc 
oedema or optic atrophy, or presence of vitreous 
cells. 

The patients consisted of 47 men aged 23-79 years 
(average 50-7 years) and 55 women aged 32-74 years 
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(average 54-4 years). All were Caucasian. They were 
examined both clinically and by colour photography 
and fluorescein angiography (Table 1). The clinical 
files and the photographic documentation were 
studied by one of us (HAP). 

The first set of data included the general history, 
with specific reference to skin disease, allergy, and 
hearing loss; and the ocular history, which covered 
previous eye disease, surgery, and family history. 
The second set of data concerned the clinical examin- 
ation, including visual acuity, findings on slit-lamp 
examination, tonometry, and ophthalmoscopy. The 
third described the fluorescein angiographic findings. 
The fourth dealt with additional investigations such 
as colour vision tests, perimetry, dark adaptation, 
electro-oculogram (EOG),  electroretinogram 
(ERG), visually evoked potentials (VEP), and HLA 
typing. Finally, long term behaviour and the 
influence of treatment were assessed. 


Table 1 Chnical and functional investigations 


Number of BSCR patents 
involved 

Total number in study 102 

Fundus pectures 102 

Fluorescein angiography 102 

Medical history 71 

Ocular history P 

Sht-lamp 68 

Tonometry 60 

Visual acuity 94 

Colour von tests 31 

Penmetry 43 

Dark adaptation tests 24 

EOG and ERG 42 

VEP 30 

HLA typing 48 (in 5 patents A29 only) 


Table2 Medical history in 71 BSCR patients 





No of patients 
Arterial hypertension 16 
Cardiac disease 5 
Cerebrovascular accident 2 
Rheumatic disease, arthritis 6 
Low backache 2 
1 
Allergy (penicillin, fluorescein) 6 
4 
Hirsute 1 
Vitiligo (only m summer season) 1 
Hearmg 3 
Monsére’s dicate 1 
Migraine 1 
Infechous disease 
tuberculosss 2 
viral bepatites 2 
pencarditis 1 
sarcordoss 1 


648 


Resalts 


The study comprised 203 eyes of 102 BSCR patients; 
one eye with an extensive corneal leucoma since 
childhood preventing fundus examination was not 
included. Full information on the clinical and 
functional investigations were not always available at 
the time of collection of the material (Table 1). 


MEDICAL AND OCULAR HISTORY 

A full medical history was recorded for 71 patients, 
but in most cases no relevant general disorder was 
identified (Table 2). In one patient with hilar 
lymphadenopathy the diagnosis of sarcoidosis was 
confirmed by biopsy and a positive Kveim test. 
Sarcoidosis was specifically sought in 38 other patients 
but was negative in all. The incidence of arterial 
hypertension in 16 patients, coronary artery disease 
in 5, cerebrovascular accident in 2, and retinal vein 
obstruction in 3 was higher than one would expect in 
a similar age group. 

With the exception of a rather high incidence of 
open angle glaucoma there were no apparent ocular 
disorders associated with BSCR (Table 3). 

A variety of ocular conditions were identified in 
family members but none of them showed evidence 
of BSCR. The dizygotic twin sister of a 52-year-old 
female patient was extensively examined; one sister 
bad blood group AB+ and the other one A+, 
although both were identical HLA types. The twin 
sister had normal visual acuity in both eyes and no 
ocular complaints. Funduscopy revealed marked 
arteriosclerosis and two small perivascular haemorr- 
p but no signs of BSCR. 

On assessment of the diagnosis BSCR, many 
patients already had a long history of visual 
symptoms (Table 4). Blurred vision and floaters were 
the most common complaints. 


CLINICAL EXAMINATION 


Visual acuity 

There was a wide range of visual acuity on assessment 
of the diagnosis BSCR. However, most eyes (73%) 
had a visual acuity of 6/18 or better (Table 5). 

In many patients the diagnosis BSCR was not 
made initially, since the clinical picture did not 
become well known until 1980. The significance of 
the good visual acuity at the time of diagnosis 1s 
therefore greater when evaluated in relation to the 
duration of ocular symptoms (Table 6). Out of 84 
eyes 33 had a visual acuity of 6/26 or less when ocular 
complaints had been present for more than one year. 


Anterior segment and vitreous 
Details of the anterior segment were obtained in 68 
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Table3 Ocular history in 79 patents with BSCR 


Eyes 
Open angie glaucoma 16 (1 eye Schere operation) 
Secondary glaucoma 2 (2 trabecalectomies) 
Cataract extraction 5(3ECCE with IOL, 2 ICCE) 
Rhegmatogenous retinal 2 
t 

Apbakx retinal detachment 1 
Penpheral retinal breaks 1 
Central retmal vein occlusion 1 
Branch vein occlusion * 2 
Chloroquine keratopathy 1 

1 


Table4  Oculat symptoms at onset (81 BSCR patients) 


No of patens: 
Blurred vinon 58 
Floaters 30 
Night bhodness 8 
Distorted vimon 4 
Photopsia 4 
Irrtation 4 
Pain 2 


Table5 Visual acuity at initial ascertainment of BSCR 


Eyes 
No * 
6/7-5 or more (0 Bor more) 73 39 
618—659 (0-4—0-7) 34 
660—624 (0-1—0-3) 35 19 
«6/60 (<0-1) 8 
187 eyes* 10096 


*One eye not n study 


patients. Only two of them showed redness of one or 
both eyes and signs of acute inflammation of the 
anterior segment. Eight patients had bilateral fine 
pigmented KP, and eight had very mild flare and cells 
in the anterior chamber of both eyes. In 13 eyes lens 
opacities were present but did not prevent adequate 


Fig 2 Clinical manifestations of birdshot 
chonoretinopathy A and B. Patents aged 56 years (Gent) 
Typical symmetrical fundus pictures of BSCR Small 
neovascular tuft at inferior margin of optic disc (arrow in B). 
C: Same fundus asin B Radial linear structures in nasal 
periphery. Large choroidal vessels run over the lesions 
(arrow). D* Patient aged 37 years (Leiden). Large area of 
juxtapapdlary atrophy with increased visibility of major 
choroidal vessels E. Patient aged 51 years (Lerden) 
Sheathing of retinal vessel (arrow). F: Patent aged 64 years 
(Gent). Left fundus of BSCR patent with ocular history of 10 + 
years’ duration. The optic disc ts pale, the retinal vessels are 
irregular and narrow, small haemorrhages are present. 


M 
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fundus examination. In 80 patients (159 eyes) exami- 
nation of the vitreous was recorded: cells were seen in 
121 eyes (76-1% ) and opacities in 73 eyes (45-995). In 
total, signs of vitreous involvement were present in 
83% of the eyes examined. 


Ophthalmoscopic and fluoroangiographic findings 
Choroidal lesions. In 91 patients both eyes were 
symmetrically involved (colour plate 2A, B) whilst in 


Fig. X 


Fig.3 


Evolution of birdshot chortoretinopathy 


Hilde A Priem and Jendo A Oosterhuis 


11 patients the condition was markedly asymmetri- 
cal. The following aspects of the lesions were 
considered: appearance, distribution, and fluoro- 
angiographic behaviour 

In most eyes the lesions were remarkably uniform 
in colour, shape, and size (158 eyes, 77-8760). Most 
frequently they were oval, with the longest diameter 
directed towards the optic disc and a diameter of less 


than “4 disc diameter (DD); they had a cream 





Fig. 3D 


A: Patient aged 44 vears (Gent). Right eve in 1975, diagnosed as bilateral 


papillouveitis. Note disc oedema, retinal haemorrhage (arrow). BSCR flecks are hardly visible. B: Same fundus as A in 1985 
pale optic disc, narrow vessels, marked juxtapapillary lesions; the birdshot flecks have become more clearly visible. C: Patient 
aged 34 years (Gent). Right eve in 1972 showing swollen optic disc; diagnosis: bilateral papillouveitis. D: Same fundus as C in 
1985 (courtesy of B Snvers, Louvain), clearly showing birdshot flecks, narrowed arteries, small darkish dots as possible sign 
of redistribution of pigment 
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Birdshot chorioretinopathy: clinical characteristics and evolution 


Table6  /nitial visual acuity and length of ocular history 





Length of history at 
initial ascertainment 


Visual acuity (number of eyes) 


6/754 619-6118 6124-6160 «6/60 

4 weeks or less I$ E l 

1-5 months 15 7 

6-11 months 14 10 6 1 

1-4 years 7 25 14 6 

5 years and more 11 8 8 5 
History not mentioned 11 10 6 3 
Total 73 64 35 15 





coloured appearance and ill defined margins. 

In a small number of patients the birdshot lesions 
were larger than 4 DD, were more round than oval, 
and did not show a radial distribution; however, their 
appearance was symmetrical. 

More exceptionally, a few sharply defined white 
atrophic spots were seen among the typical birdshot 
lesions, mostly in the posterior pole (Fig. 3B). 

Distribution. The densest concentration of lesions 
was seen around the optic disc and in the nasal 
periphery. In many eyes lesions were adjacent to the 
optic nerve head, giving the disc a typical petaloid 
appearance (Fig. 4). Sometimes the macular area was 
involved, but in most patients no flecks were present 
within the vascular arcades, apart from peripapillary 
lesions. In some eyes, with only a few or less 
prominent flecks, they were nearly always located in 
the inferonasal fundus. 

In the majority of cases the lesions showed a well 
defined pattern radiating from the optic disc towards 
the periphery. There they often became confluent 
and formed long yellow-white streaks, following the 
large choroidal vessels (Fig. 2C). 

Another common feature was the tendency of the 
lesions to progress into large geographic areas of 
choroidal depigmentation. These areas were most 
frequently found in the nasal periphery and around 
the optic disc. In these zones the large choroidal 
vessels were easily visible and appeared to be 
enlarged (Fig. 2). 

In most eyes depigmentation of the lesions and of 
the atrophic areas was total and not associated with 
either pigment migration or hyperpigmentation. In 
some eyes there were tiny round, dark brown, 
sharply defined dots scattered over the fundus, 
unrelated to the lesions or depigmented areas (Fig. 
4C). 

Fluorescein angiography. In the majority of cases 
the birdshot spots were not evident in the early stage 
of angiography, becoming apparent in the venous 
phase as faint hyperfluorescent flecks which did not 
increase in intensity in the late phase (Fig. 4B). In 
fresh cases, however, the spots remained hypo- 
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Fig.4A  Patientaged 51 years (courtesy of University Eye 
Clinic, Créteil). BSCR patient with petaloid aspect of optic 
disc due to lesions at the margin, sheathing of all large retinal 
vessels, cellophane maculopathy. 


fluorescent during the dye transit (Fig. 4E). The 
lesions adjacent to the optic nerve head and occasion- 
ally those in the posterior pole were hypofluorescent 
(Fig. 4D). In a few eyes sharply circumscribed 
atrophic white lesions showed an early and bright 
hyperfluorescence. 

Retinal vessels. There was marked narrowing of the 
retinal arteries in 124 eyes (61%). In most cases this 
was associated with an irregularity in the calibre of 
the veins (Fig. 2F). In addition, small flame shaped 
haemorrhages (Figs. 2F, 3A) were present in 27 of 
these eyes, mostly in the posterior pole along the 
large temporal vessels or near the optic disc. 

Retinal vascular leakage was a very common 
finding on fluorescein angiography (Fig. 4E). A 





Fig. 4B 


Same fundus as in A. Fluoroangiography showing 
faint hyperfluorescence of the birdshot lesions; slight central 
macular oedema. 


Fig.4C Patient aged 55 years 
(courtesy of A Leys, Leuven). 

BSCR patient with lesions adjacent 
to the optic disc (petaloid aspect) 
and tiny dark dots scattered over the 
fundus. 


Fig.4D Same fundus as 

C. Fluoroangiogram shows 
hypofluorescence of atrophic 
lesions adjacent to the optic disc and 
of the dark dots. 
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localised staining of the wall of the large retinal veins 
was seen in 81 eyes (40%). Profuse leakage from the 
retinal capillaries was the most constant finding, and 
cystoid macular oedema was present in 127 eyes 
(62-695 ) (Fig. SA). In none of the patients was retinal 
capillary closure identified. 


Optic disc. Apart from apparent blurred margins, 


due to lesions adjacent to the optic disc, 77 eyes 
(38%) showed disc swelling. On fluorescein angio- 
graphy there was evidence of capillary leakage at the 
optic nerve head in 38% of all eyes. 


ASSOCIATED FINDINGS 

These findings were related to complications of the 
disease (Table 7). The most frequent complications 
were epiretinal membranes and cellophane maculo- 
pathy (Fig. 6A and Fig. 4A), subretinal neovascular 
membranes (Figs. 6B, D), peripheral retinal and disc 
neovascularisation (Fig. SB. Fig. 6E, F), vitreous 
haemorrhage, and optic atrophy (Fig. 2F). Prolifera- 
tive retinopathy was particularly common and 
occurred in the absence of retinal capillary non- 
perfusion (Fig. 5C, D). 


Functional tests 

Perimetry, colour vision tests, dark adaptation and 
electrophysiology studies were performed on only 
some of the patients (Table 1). 

Perimetry was normal in 15 out of 86 eyes, showed 
peripheral constriction in 30, a central or paracentral 
scotoma in 28, and an enlarged blind spot in 26 eyes. 

The results of colour vision tests were normal in 21 
out of 62 eyes, 23 eyes showed only a blue-yellow 
defect in 23, and 12 eyes showed both blue-yellow 
and red-green defects. 

Dark adaptation was normal in 9 out of 48 eyes 


tad 


Fig. 4E  Fluoroangiogram of a 
recently diagnosed case (Gent) of 
BSCR, showing localised 
hypofluorescence corresponding 
with BSCR lesions, capillary dye 
leakage at the optic disc and in nasal 
periphery. 


tested, borderline in 5, and pathological in 34 eyes 
(70-8% ). 

Visually evoked cortical responses were recorded 
in 60 eyes, 32 of which had abnormal amplitudes 
(53%), while in another 13 eyes there was an 
increased latency. 

The ERG was normal in 18 out of 84 eyes, in 4 eyes 
the absence of oscillatory potentials was the only 
abnormal finding, 14 eyes were borderline, and 46 
eyes (54-775) had an abnormally low ERG. The 
EOG in 84 eyes showed a subnormal L/D ratio in 60 
eyes (Table 8). 


HLA typing 

Data on HLA typing were available in 48 patients. In 
43 the complete HLA A and HLA B loci were 
screened and in an additional 5 only the HLA A29 
was sought. Forty-six out of these 48 BSCR patients 
(95-875) carried the antigen HLA A29. 


EVOLUTION AND MANAGEMENT 

There was no uniformity in the management of the 
disease in this large group of patients, which reflects 
their origin from 14 different eye departments. A 
variety of therapies was used for posterior segment 
inflammation, including corticosteroids, non- 
steroidal anti-inflammatory drugs (indomethacin), 
immunosuppressive drugs (azathioprine, cyclo- 
phosphamide, cyclosporin A), and a variety of 
antibiotics. 

In many cases the indication for treatment was not 
clear. Owing to different criteria for management of 
the disease it was difficult to evaluate the influence of 
therapy on the visual outcome. The data on a group 
of 27 patients with a follow-up of five years or more 
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Fig.5A Patient aged 68 years (Gent). BSCR with severe Fig. 5C Patient aged 55 years (Gent). BSCR with irregular 
cystoid macular oedema. Note also hyperfluorescence of the calibre of vessels and a preretinal haemorrhage 
venous vessel wall (arrow) 


did not clearly indicate whether steroids and other macular oedema (3 eyes), and peripheral retinal 
anti-inflammatory and immunosuppressive drugs — breaksor peripheral degeneration (3 eyes). 


were beneficial in BSCR (Table 9). The review period for 62 patients ranged from one 
Argon laser photocoagulation was applied to 17 month to 13 years. After an evolution of five years or 
eyes for treatment of subretinal neovascular mem- — more half of the eyes have maintained a visual acuity 


branes (7 eyes), vitreous haemorrhage (4 eyes), of 6/18 or better (Table 10). Loss of visual acuity was 





Fig. SB. Same patient as in Fig. 2A, B with relapsing 
vitreous haemorrhage in right eye. After clearing of the Fig. SD Same fundus as 5C. Fluoroangiogram shows 
haemorrhage a teleangiectatic lesion is seen in the temporal multiple sites of retinal neovascularisation and widespread 
periphery capillary dilatation, but no evidence of capillary closure 


Birdshot chorioretinopathy: clinical characteristics and evolution 


Table7 Complications associated with BSCR 








Total number of eyes with BSCR 203 
inal membrane 20 

Retinal neovusculariation 15 

Vitreous haemorrhage 5 

Subretinal neovascular membrane 

Parapapillary 4 

Macular 8 

Optic atrophy 7 

Table8 EOG in 84 eyes with BSCR 

LID reto Number of eyes 

171-200% 2 

151-170% 11 

131-150% 2 

111-130% 15 

<110% 11 





due to cystoid macular oedema, epiretinal membrane 
in the macula, macular hole, subretinal neovascular 
membrane, macular scar, and cataract. Vitreous 
haemorrhage and vitreous floaters were important 
causes of visual loss in the initial stages of the disease 
but did not contribute to the final visual outcome in 
the group of patients with a minimum follow-up 
period of five years. 

Improvement of visual acuity was seen in 13 eyes as 
a result of clearing of vitreous haemorrhage (3 eyes), 
removal of cataract (3 eyes), laser photocoagulation 
of subretinal new vessels (2 eyes), and regression of 
inflammatory signs (5 eyes). 

A few eyes showed a remarkable evolution in the 
appearance of the hypopigmented spots (Fig. 3). Five 
patients initially had no clear evidence of birdshot 
spots in the fundus when they presented with 
papillitis, retinal vasculitis, and varying degrees of 
vitritis in both eyes. The typical fundus picture of 
BSCR did not appear until several years later, mostly 
when the signs of acute inflammation had resolved. 


Discussion 


MEDICAL AND OCULAR ASSOCIATIONS  , 

The apparently high prevalence of vascular diseases 
might indicate that BSCR is associated with a general 
vascular disorder. No other systemic diseases seem to 
be relevant to the disease. Because Gass’ stressed the 
association of BSCR with vitiligo, this was especially 
sought; however, only one out of 102 patients was 
known to have depigmentation of the skin and only 
after exposure to the sun. Moreover, Wagoner et 
al.," on examination of 223 patients with vitiligo, 
found evidence of BSCR in only one. Since multi- 
focal choroidal disease is known to occur in,sarcoido- 
sis, " at least 38 patients were fully investigated by 
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Table9 Visual outcome in 27 BSCR patients after five years 
ormore \ 


Panem Initial Final Cause of Follow- Treatment 





^o VA VA wman up 
(rear) 
i G18 624 CME 8 Sterords, inser LE 
624 CF CME v 
2 &12 66 CME 10 Steroids 
G12 66 CME 
3 CF CF Macularscar 5 Laser LE 
CF CF = Subrennal 
DOOV ASC 
4 66 CF CME 8 Sterosde, 
675 CF CME 
oeporin A+ 
5 G12 G60 CME 6 stone 
G&12 60 CME 
6 618 CF CME 6 Sterorda, 
96 612 CME cyclosporin A 
7 gun Vitreous 9 Stcrosda 
G6 66 
8 G6 w OMEN pucker 5 Stcroids 
G5 69 CME+ 
9 69  G12 CME 5 Indomethacn 
Gi2 69 CME 
10 612 GI2 CME 5 Steroids 
CF CF Cataract+ 
retmal 
detachment 
ll G12 G18 PEalteranon 6 Sphiramyecin 
&9 G60 Subrotinal steroids, Laser LE 
neovasc 
12 612 @12 CME 6 
CF CF CME 
13 66 G6 CME li Sterovda, lascr macula 
660 G60 OE LE 
14 @  G60 CME+ 9 Storosds, 
vitreous azathioprine 
haemorrh 
G9 G24 CME 
15 GS HM CME 13 Steroids, 
@ G60 CME azatioprin 
16 &18 660 CME+ 5 Sterords, IOL RE 
cataract 
612 G36 CME+ 
cataract 
17 CF CF Opucatrophy 5 None 
Œ P 
18 a 69 coe Sterosda 
G6 G9 CME+ 
19 a 69 c. 5 Trabeculoctomy 
glaucoma RE+LE 
HM HM Secondary 
20 6&18 G5 pens 7 Steroids, systemuc+ 
975 G6 
2 624 624 CME 10 Sec. 
G24 G18 CME 
2 66 66 11 Sterosda retrobulbar 
G75 G6 
B G4 G4 9 Sterords topscal 
G4 G4 
24 G60 G60 OME 8 Sterovda, 
G12 612 CME azathsoprne, 
mdomethacin 
25 96 G6 5 Sterorde 
96  Gi2 
26 G75 GI2 PEalcrabons 6 Steroids, laser 
G18 G18 Subretmal subrotinal neovesc 
DCOVESC 
27 G36 CF CME 6 Sterouds, laser LE 


CME cystosd macular oedema CF=coantmg fingers. 
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Table10 Visual acusty at last control (numbers of eyes) 








Vitus aciuity Follow-up pertod 
1 year 2 years 5 years 8 years 
GT. 5r 21 17 3 8 
618—699 px) 25 13 3 
6/60-6/24 14 12 6 7 
«60) 10 3 10 4 


means of chest x-ray, full blood counts, biochemical 
tests including calcium and angiotensin-converting 
enzyme, Kveim test, and sometimes biopsy of skin 
lesions. However, 1n only one was evidence of 
sarcoidosis found, one other case of BSCR associated 
with sarcoidosis has been reported in Japan.” 

There was a particularly high incidence of open 
angle glaucoma (15 eyes, 19%) not associated with 
pigment dispersion in the anterior chamber and 
without evidence of elevated venous episcleral 


pressure. 

Two of the 79 patients with available ocular history 
had a rhegmatogenous retinal detachment, and 
another patient had laser treatment for a peripheral 
retinal hole with operculum. The occurrence of 
rhegmatogenous retinal detachment in BSCR has 
been recorded' * "" and is a recognised complication 
of uveitis.” Rhegmatogenous retinal detachment 
may complicate BSCR due to alterations and shrink- 
age. The finding of minimal involvement of the 
anterior segment is consistent with the other clinical 
reports on BSCR, as is the case with the high 
percentage of vitreous opacities. 

In general, the medical history and examinations 
were not helpful in establishing an aetiological factor 
for BSCR. 


FUNDUS CHANGES 

The ophthalmoscopic and fluorescein-angiographic 
findings of the birdshot lesions, retinal vasculopathy, 
and most of the complications have been previously 
reported. 

The depigmented choroidal lesions are the most 
prominent feature of BSCR. Several suggestions 
have been made regarding the pathogenesis of these 
lesions, depending on speculations as to their nature 
and on their level in the eye. According to Ryan and 
Maumenee! ‘the depigmented spots may be related 
1o previous accumulation of fluid or to inflammatory 
foci in the choroid or in the retinal pigment 
epithelium’. Gass, however, finds the patches ‘unlike 
most other infiltrative or atrophic hypopigmented 
fundus lesions’ because they are not elevated as they 
are with a nodular inflammatory cellular infiltrate, 
nor are they depressed as in the case of atrophy of the 
choroid and retina. He suggests that they are ‘caused 
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by focal depigmentation of the choroidal melano- 
cytes” and compares the lesions with vitiligo of the 
skin We could not establish a relation with vitiligo in 
our patients. Moreover, the birdshot lesions have a 
distribution which does not correspond with the 
diffuse presence of the melanocytes in the choroid. 

Several findings suggest that the birdshot lesions 
are located in the outer choroid and are associated 
with the large choroidal vessels. On many occasions 
large choroidal vessels are clearly seen to cross over 
the lesions (Fig. 2C). The birdshot lesions show a 
radial arrangement round the optic disc; this distribu- 
tion corresponds most with the pattern of the large 
choroidal vessels and more specifically the choroidal 
veins. Most eyes showed macular sparing by the 
birdshot lesions, an area which in most people is 
relatively free of large choroidal veins. However, the 
lack of lesions in the central fundus is not a constant 
feature, and one case has been reported in which the 
macula was the most affected site." Very often the 
more peripheral lesions are confluent and form 
elongated yellow-white streaks parallel to the 
choroidal vessels, suggestive of vascular sheathing. 
Their predominant occurrence nasally inferior to the 
optic disc and the development of confluent lesions in 
the inferior nasal quadrant have also been reported 
by other authors.* * The large size and high density of 
both choroidal veins and lesions at this site may be 
significant. The deep location of the lesions would 
explain their indistinct appearance and the lack of 
secondary retinal pigment-epithelial reaction or dis- 
turbance even in longstanding cases. The mild late 
phase hyperfluorescence of the birdshot lesions is in 
accordance with a deep seated inflammatory focus 
which gradually accumulates fluorescein. 

Retinal vasculopathy was a major feature of BSCR 
in this group of 203 eyes, manifest as cystoid macular 
oedema in 127 eyes (62-6%) and perivascular leakage 
in 81 eyes (40%). In several eyes the retinal vasculitis 
associated with vitreous cells and papillitis was the 
presenting sign of the disease. 

Retinal neovasculansation occurred in 15 eyes in 
the absence of retinal capillary closure, making 
it unlikely that the growth was in response to 


Fig.6 Complications in birdshot choriorennopathy. 

A: Patient aged 56 years (Gent) Epiretinal membrane 
superior to opttc disc (arrows). B: Patient aged 58 years 
(courtesy of P Amalnc, Albi). BSCR with juxtapapillary 
subretinal neovascularisation C: Patient aged 52 years 
(courtesy of P Amalric, Albi). Left eyein 1981 note white 
birdshot lesion under the macula D. Same fundus as C in 
1983. subretinal neovascularisation has developed at the rite 
of the birdshot lesion. E. Patent aged 44 years (courtesy of 
J Shilling, London). BSCR with prepapillary 
neovascularizanon (July 1978) F: Same fundus as E 
Peripheral retinal neovasculansation. 








Fig. 6C 








Fig. 6B 


Fig. 6F 











658 


ischaemia. Recurrent vitreous haemorrhages and the 
presence of small preretinal neovascular tufts have 
not yet been described in BSCR. Felder and Brock- 
hurst” reported retinal neovascularisation in patients 
with posterior uveitis in the absence of capillary non- 
perfusion, and Henkind? considered that inflamma- 
tion locally in the retinal vascular bed is a sufficient 
stimulus for the growth of new vessels, though he 
found these were more readily induced at the disc 
than in the retinal vessels. In our BSCR patients only 
two eyes showed neovascularisation at the edge of 
the optic nerve head and 13 eyes showed peripheral 
retinal neovascularisation. 

The observation of subretinal neovascularisation 
in 12 eyes with BSCR is in accordance with the 
Observation of Soubrane et al., who reported on 
three BSCR patients with juxtapapillary subretinal 
neovascularisation, and Brucker et al, who 
Observed macular subretinal choroidal neovasculari- 
sation in four eyes of two patients with BSCR. In two 
eyes of our series there appeared to be a relationship 
between a birdshot lesion and the development of a 
subretinal neovascular membrane (Fig. 6C, D). This 
is not surprising, as new vessels may arise from 
atrophic chorioretinal scars, irrespective of their 


origin. 


CONCLUSIONS 

1.The fundus appearance of BSCR shows a high 
degree of uniformity and is now well defined, as has 
been demonstrated in a large group of patients. It 
sbows a characteristic pattern of multiple small 
depigmented flecks, radiating from the margins of 
the optic nerve head towards the periphery. It is 
bilateral and in most cases symmetrical. 

The condition is further charactensed by the 
presence of various inflammatory signs, mainly in the 
postenor segment and only very seldom in the 
anterior segment. Some patients may initially present 
with a mild to severe vitrits associated with disc 
oedema, retinal vasculitis, and cystoid macular 
oedema before the flecks become apparent; as the 
choroidal lesions appear the retinal and vitreous 
changes often regress. Other patients present at their 
first visit with the typical spotted retina with only 
minimal involvement of the vitreous and the retinal 
vessels. In these cases a low grade inflammation may 
also have been present for some time, giving rise to a 
long history of floaters or in some patients not causing 
ocular complaints. The sequelae of previous inflam- 
mation, such as optic atrophy, chronic cystoid 
macular oedema, epiretinal membranes, peripheral 
retinal and disc neovascularisation, and subretinal 
neovascular membranes are common. It would 
appear that BSCR may begin with simultaneous 
inflammatory reactions in the vitreous, the retina, 
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and the choroid, and that after a period of more or 
less active inflammation the condition tends to 
stabilise. 

The disease is rare, as only 102 cases of typical 
BSCR were collected in 14 major European eye 
chnics during the period 1980-6, and it affects people 
in middle life without predilection for sex. 

2. From the various clinical manifestations it is now 
possible to consider diagnostic criteria. The major 
criterion is the characteristic spotted fundus appear- 
ance associated with evidence of posterior segment 
inflammation and/or evidence of known complica- 
tions of the disease. 

Ranged according to their frequency, the ophthal- 
moscopic signs are vitritis (83%), cystoid macular 
oedema (62-696), arteriolar narrowing and irregu- 
larity of veins (61%), retinal vasculitis (40%), disc 
oedema (38%), cellophane-like maculopathy (10%), 
retinal neovascularisation (7-5%), subretinal neo- 
vascularisation and macular scar (6%), optic atrophy 
(3:596). 

The minimal criteria necessary for the diagnosis of 
BSCR could be formulated as bilateral presence of 
typical birdshot spots in the fundus and two or more 
signs from the preceding list. A further important 
criterion may be the association with the antigen 
HLA A29. 

3.The aetiology remains speculative. There 
appears to be no specific hnk with any systemic 
disease, although arterial hypertension and vascular 
occlusive disease occurs rather frequently in this 
group of patients. 

The specifiaty of the ophthalmoscopic appearance 
of BSCR, the constancy of its behaviour, and its very 
high association with HLA A29 together suggest that 
BSCR is a single nosological entity. There is no 
evidence of a single cause, and it is possible that the 
disorder represents a specific response to a variety of 
pathogenetic agents. 


We thank Mr R Blach and Professor A Bird for their valuable 
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Reflow of obstructed capillaries in the maculae of 
humans with diabetic retinopathy, observed by 
fluorescein angiography 
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From 'Ohshuna Eye Hospital; the 7Department of Ophthalmology, Faculty of Medicine, Kyushu University, 
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SUMMARY As diabetic retinopathy progresses, the non-perfused area in the retina gradually 
enlarges as the capillaries are obstructed. To elucidate the process of capillary obstruction we 
examined macular capillaries in 104 diabetics, using fluorescein angiography. The follow-up period 
was three to eight years. We found that some capillaries in the macula were obstructed, then 
became unobstructed. Reflow of blood into the macula after the obstruction was observed in nine 
patients (8-7%). The time between obstruction and reflow varied from two months to four years. 
There were four cases of simple, three of preproliferative, and two of proliferative retinopathy. 
Reflow in the capillaries was confirmed as occurring at the same position and in vessels with the 
same diameter as seen before the obstruction. There was no leakage of the fluorescein dye from the 
capillary where reflow took place. We tentatively conclude that one of the causes of this 


phenomenon is a functional obstruction. 


It is generally accepted that diabetic retinopathy is a 
form of microangiopathy. As the retinopathy pro- 
gresses, the non-perfused area in the retina gradually 
enlarges as a result of obstruction of the capillaries. 

Although several ophthalmologists reported this 
phenomenon, each report was of one case and the 
state of the capillaries before the obstruction was not 
described."* Almost all reported that this phenome- 
non occurred after photocoagulation. We therefore 
examined the occurrence rate of the reflow of the 
obstructed capillaries, the type of capillary reflow, 
and the possible relation to photocoagulation. 


Subjects and methods 


Fluorescein angiography was carried out from 1977 
to 1985 on 104 eyes of 104 diabetics aged 16 to 78 
years. All were treated by diabetologists and the 
follow-up was for three to eight years. Thirty were 
cases of insulin-dependent diabetes mellitus (IDDM) 
and 74 of non-insulin-dependent diabetes mellitus 
(NIDDM). Diabetics without retinopathy, deter- 
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mined by ophthalmoscopy, numbered 22. In 58 cases 
there was a simple retinopathy, 18 had a preprolifera- 
tive retinopathy, and six a proliferative retinopathy. 

All patients were examined by ophthalmoscopy 
after the pupil had been dilated with 10% phenyl- 
ephrine and 0-5% cyclopentolate. Fluorescein fundus 
angiography and colour photography were carried 
out periodically, the frequency depending on the 
severity of the diabetic retinopathy. 5 ml of 10% 
sodium fluorescein was given intravenously. 

We examined coagulation and platelet aggregation 
at the tme of occlusion, and adenosine-5'- 
diphosphate (ADP) and coagulation were examined 
at the time of occlusion and after reflow in patient 1 
and after reflow in eight patients. 


Results 


Reflow of blood into the macular capillary bed after 
the obstruction occurred in nine of the 104 diabetics 
(8-796). Table 1 1s a summary of data on nine with a 
reflow in the obstructed capillaries. Five were cases 
of IDDM and four of NIDDM. The ages of the 
patients at the time of reflow ranged from 19 to 53 
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Table? Summary of nine cases 
————— M M MM MM M —À— ————— HS 
Patients i 2 E: 4 5 6 7 8 9 
Age 46 48 30 53 19 35 43 34 46 
Sex Female Female Female Female Female Male Male Male Male 
Type of diabetes NIDDM NIDDM IDDM NIDDM IDDM IDDM IDDM IDDM NIDDM 
Duration of diabetes (yr) 5 10 H if 12 13 16 17 22 
Photocoagulation $ = = - - - * - * 
Control of blood sugar Poor Poor Poor Poor Fair Poor Poor Poor Poor 
Other complications — — —- — — — Np Np. Nr ~ 
Visual acuity 

before occlusion 0-9 Ot 0-8 1-9 0-8 LO 0-8 1-0 4 

after occlusion 0-7 0-1 0-8 07 12 0-6 0-7 0-6 07 
Retinopathy 

before occlusion S PP s S S S PP PP P 

after occlusion PP PP S S S S PP P P 


Seenen 


Np: nephropathy. Nr: neuropathy. S: simple retinopathy. PP: preproliferative retinopathy. P: proliferative retinopathy. 


years. There were four men and five women. The 
duration of diabetes was over 10 years in all cases 
except one, in which it was 5 years. Blood sugar 
control was poor except for one case, where it was 
fair; however, there was no history of hypoglycaemic 
attack. Visual acuity ranged from 0-1 to 1-0 at the 
time of occlusion and after reflow in nine cases. 
Visual acuity worsened in five, improved in two, and 
was unchanged in two. One had nephropathy, and 
another nephropathy and neuropathy. Photocoagu- 
lation was performed on 32 of the 104 diabetics and 
on two of the nine cases with reflow. 

Table 2 shows data on the coagulation of nine 
patients. Data after reflow showed increased platelet 
coagulation activity. Data on patient 1 showed an 
increase in platelet coagulation activity both during 
occlusion and after reflow of the capillary. 


Case reports 


CASE 6 

A 35-year-old man (Figs. 1-3) had had IDDM for 
seven years. His right eye showed a simple retino- 
pathy. Fig. 1 shows colour fundus photographs (in 
black-and-white) and fig. 2 fluorescein angiographs, 


Table? Coagulation 


at the late stage. The upper photographs ‘a’ of Figs. 1 
and 2 indicate the time before obstruction, the 
middle photographs ‘b’ indicate the time of obstruc- 
tion, and the lower ones ‘c’ the time after the reflow. 
These photographs demonstrate a gradual progres- 
sion of simple retinopathy. Fig. 3 shows enlarged 
angiographs of the macular area in this patient. The 
capillary indicated by the arrow is the normal angio- 
gram in photograph ‘a’, 

Two years and eight months later that capillary was 
absent in photograph ‘b’. This occluded capillary was 
not demonstrated from the early capillary phase to 
the late phase. However, two years and 10 months 
after the time of ‘b’ there was a reflow in photograph 
‘c’ at the same position and with the same diameter as 
in photograph ‘a’. There was no leakage of the 
fluorescein dye from the capillary, as indicated by the 
arrow. Damage of other capillaries of the surround- 
ing fovea progressed from the time of ‘a’ to the time 
of ‘b’. 


CASES 

A 34-year-old man (Figs. 4—6) had had IDDM for 12 
years. His right eye showed a preproliferative retino- 
pathy at the time of ‘a’ and progressed to proliferative 


——————— M M M M ——— M —À——— MÀ M ÓÀ——— MÓ— HÀ 








Patients I 2 3 4 5 6 7 8 9 Control 
Platelet aggregation 
Factor IV (ng/ml) S20 ug/l 
after reflow 30 100 f 63 100 t 85 30 50 78 80 
B-thromboglobulin (ng/ml) x50 ug/l 
after reflow 110 2001 150 170 170 110 99 150 200 t 
ADP(*95) <56% (2 umol} 
before occlusion 61 — — — — — — — — 
after reflow 61 46 64 59 48 72 $2 64 — 
Collagen (?6) €66% (1 mg/l) 
before occlusion 97 - -— — — 
after reflow 97 64 79 89 58 86 48 78 -= 
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Fig.1 Case6. Fundus photographs 
of a 35-year-old man who had had 
IDDM for seven years. His right eye 
showed a simple retinopathy. Figs. 
la, 2a, 3a were taken at the time 
before obstruction, Figs. 1b, 2b, 3b at 
the time of obstruction, and Figs. Ic, 
2c, 3c after the reflow 


Fig.2 


retinopathy at the time of ‘c’ (Figs. 4-5). Fig. 6 shows 
enlarged angiographs of the macular area. The 
capillary indicated by the arrow is the normal angio- 
gram in photograph ‘a’. This same capillary in 
photograph ‘b’ is not evident four years and 10 
months later. This occluded capillary was not visible 
from the early capillary phase to the late phase. 
However, three months after the time of ‘b’ there 
was evidence of a reflow in photograph 'c', at the 





Fluorescein angiographs of 
Fig. l at the late stage. A gradual 

progression in simple retinopathy is 
evident 
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Fig.3 Enlarged angiographs of the 
macular area of the case 6. The 
capillary indicated by the arrow shows 
the normal angiogram in photograph a 
Two years and eight months later this 
same capillary cannot be seen in 
photograph b. However, two years and 
10 months after the time of b there is a 
reflow, in photograph c, at the same 
position and with the same diameter as 
seen in photograph a. There is no 
leakage of the fluorescein dye, as 
indicated by the arrow. 


same position and with the same diameter as seen 
in photograph 'a'. There was no leakage of the 
fluorescein dye from the capillary, as indicated by the 
arrow. 


CASE 2 

A 48-year-old woman (Figs. 7-9) had had NIDDM 
for nine years. Her right eye showed a preprolifera- 
tive retinopathy and this state gradually worsened 
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Fig.4 Case8, a 34-vear-old man who 
had had IDDM for 12 vears. Figs. 4a, 
5a, 6a were taken at the time before 
obstruction, Figs. 4b, 5b, 6b at the time 
of obstruction, and Figs. 4c, 5c, 6c at 
the time after the reflow, His right eve 
showed preproliferative retinopathy in 
the upper photo a and progressed to 
proliferative retinopathy in the lower 
photo c 


Fig.5 
Fig. 4 at the late stage. There is mild 

leakage and progression of retinopathy 
in the macular area 


(Figs. 7-8). Fig. 9 shows enlarged photographs of the 
macular area. The capillary indicated by the arrow is 
the normal angiogram in photograph ‘a’. Three years 
and eight months later that capillary was absent in 
photograph ‘b’. This occluded capillary was not 
angiographed at the late stage. However, two months 
after the time of 'b' the capillary was visible in 





Fluorescein angiographs of 
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Fig.6 Enlarged angiographs of the 
macular area of the case 8. The 
capillary indicated by the arrow shows 
a normal angiogram, in photograph a. 
Four years and 10 months later that 
capillary cannot be seen in photograph 
b. However, three months after the time 
of b there is a reflow in photograph c, at 
the same position and with the same 
diameter as seen in photograph a. 
There is no leakage of the fluorescein 
dye, as indicated by the arrow. 


photograph ‘c’, at the same position and with the 
same diameter as seen in photograph ‘a’. There was 
no leakage from the capillary, as indicated by the 
arrow. 


Discussion 


It is generally accepted that, in vasculo-occlusive 
disease such as diabetic retinopathy, as the retino- 
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Fig.7 Case2, 48-year-old woman 
who had had NIDDM for nine years. 
Figs. 7a, 8a, 9a were taken at the time 
before obstruction, Figs. 7b, 8b, 9b at 
the time of obstruction, and Figs. 7c, 
8c, 9c at the time after the reflow. Her 
right eye showed preproliferative 
retinopathy in the upper photo a, and 
the retinopathy gradually progressed in 
the lower photo c. 


pathy progresses the non-perfused area in the retina 
gradually enlarges owing to obstruction of the capil- 
laries. On the other hand there are reports on the 
reflow of blood into the capillary after obstruction in 
cases of retinal vein occlusion,’ Takayasu's disease,’ 
sickle cell retinopathy,” and diabetic retinopathy.'^ It 
was reported that recanalisation occurred after 





Fig.8 Fluorescein angiographs of 
Fig. 7 at the late stage. There is 
extensive leakage and progression of 
retinopathy in the macular area. 





Fig.9 Enlarged angiographs of 
macular area in the case 2. The 
capillary indicated by the arrow shows 
the normal angiogram in photograph a. 
Three years and eight months later that 
capillary cannot be seen in photograph 
b. However, two months after the time 
of b there is a reflow in photograph c, at 
the same position and with the same 
diameter as seen in photograph a 

There is no leakage of the fluorescein 
dve, indicated by the arrow. 


photocoagulation, and capillaries were not visible 
before the obstruction. 

It is necessary to distinguish a capillary with a 
reflow from a new vessel. We examined and followed 
up macular capillaries of diabetics, using fluorescein 
angiography, the objective being to elucidate the 
process of capillary obstruction. We observed capil- 
laries before the obstruction, at the time of obstruc- 
tion, and after the reflow of blood. These capillaries 
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are at the same position and had the same diameter as 
before the obstruction. There was no leakage of 
fluorescein dye from the capillary. Therefore these 
capillaries are not new vessels and the obstructions of 
the capillaries are probably functional, not organic. 
The reflow of blood was not observed in cases of early 
diabetic retinopathy and cases without retinopathy 
by ophthalmoscopy and fluorescein angiography.’ 

There is well substantiated evidence that patients 
with diabetes and also experimental diabetic rats 
have abnormalities of platelet aggregation."" The 
presence of a significant delay of systemic and 
intraocular circulation in diabetics, determined by 
fluorescein angiography, has been reported.” 
Coagulation and platelet aggregation in our patients 
were accelerated not only at the time-of occlusion but 
also after reflow, and in all of them the retinopathy 
progressed. This evidence indicates that capillary 
flow in diabetics with progressive retinopathy is 
sluggish or repeatedly ceases under conditions of 
acceleration of coagulation and platelet aggregation. 
One cause of this phenomenon is functional obstruc- 
tion. 
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SUMMARY Forty-five diabetic patients were randomly’ assigned to treatment with continuous 
subcutaneous insulin infusion (CSI), multiple injections (MI), and conventional insulin treatment 
(CIT). They were prospectively followed up for one year. A computerised scanning microdensito- 
meter was applied on fundus photographs of retinal vessels, and we studied changes in calibres of 
the blood column (Wo) and in width (W,/Wo) and intensity (I,) of the central ‘light reflex’. After six 
months of improved metabolic control the I, was reduced in both MI and CSII cases compared with 
CIT cases (p<0-01), indicating haemorrheological changes in the retinas. Within these six months 
cotton-wool spots appeared in half the patients (n—15) on CSH and MI, but not in CIT patients. 
Subjects who developed cotton-wool spots, compared with those who did not, had greater 
intensities of reflection and larger calibres of vessels at the start of the study (p<0-01). On 
intensifying the treatment they were characterised by a larger fall in hemoglobin A, (p<0-01) and 
by a larger decrease in I, on arteries (p<0-05) and veins (p«0-01). The behaviour of the retinal 
circulation is different in patients developing transient ischaemic lesions on intensified meal 
treatment from its behaviour in those who do not. 


A worsening of diabetic retinopathy has been 
Observed when intensified treatment by continuous 
subcutaneous insulin infusion is initiated." The 
transient appearance of cotton-wool spots (soft 
exudates), considered to represent signs of 
ischaemia, was a prominent feature of these changes. 
The pathogenetic cause is not known, but a haemo- 
dynamic model of explanation has been suggested by 
various authors: a rapid change toward normo- or 
hypoglycaemia might reduce the blood flow to 
insufficient levels of perfusion. 7 

Adjustments of calibre of arteries and veins are 
part of the autoregulatory mechanisms responsible 
for a constant blood flow to the retina.** Increased 
blood flow"! and vasodilatation” have been found in 
acute hyperglycaemia, and increased flow™" and 
vasodilatation'^* have been registered in diabetic 
patents. Whether the circulatory changes are related 
to hyperglycaemia per se and/or to other factors of 
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the disease is not clear. It seems most important to 
clarify vascular retinal reactivity to variations in both 
acute and long-term changes in metabolic control. 

In a prospective and randomised trial insulin 
dependent diabetic patients in the Oslo Study,** were 
assigned to either continuous subcutaneous insulin 
infusion, multiple injections, or to conventional 
insulin treatment. By means of a computensed 
microdensitometric technique on fundus photo- 
graphs"? we studied the calibre of retinal vessels 
during one year of strict glucose control. This tech- 
nique also measured the central "light reflex', which 
represents the light reflected from the streaming 
column of erythrocytes. This reflex is of circulatory 
interest It has been shown that the intensity of - 
reflection in arteries and veins and the width of the 
reflex in veins are significantly lower ın diabetic 
patients than in normal controls.? The effect of near 
normoglycaemia on this reflex was examined. 
Further, we identified some vascular characteristics 
1n patients at risk of developing cotton-wool spots 
during exposure to rapidly improved metabolic 
control. 
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Table1 Clinical charactenstics after randomisation to three treatment groups (mean and range) 
Treatment Sex Age Duration HbA, Systolic BP Diast BP IOP* 
groups (MIF) (years) (months) (*) (mmHg) (mmHg) (mmHg) 
CIT (n= 15) 78 26 (18-36) 152 (81-240) 95(7 6-146) 125(110-150) — 78(70-95) 13 1 (9-19) 
MI (n215) 78 26 (19—42) 154 (81-250) 94(70-11 7) 124(110-140) 80. (60-95) 13 2(9-18) 
CSU (ne15) 7/8 ^ 26(18-38) 153(77-280) — 101(80-129)  123(110-160) — 81 (70-100) 13 0(9-18) 
*Mcan value of both eyes 
Suhjects and methods fundus photography (for comparable vessel measure- 
* ments). Comparable results of mean values and 
SUBJECTS ranges were obtained in the three treatment groups 


Forty-five insulin dependent diabetic patients (the 
Oslo Study**) were included. The clinical character- 
istics, the inclusion criteria, and the randomisation 
procedure have previously been presented in detail * 
In summary, the patients were randomly, at time 0, 
divided into three treatment groups: CIT: conven- 
tional insulin treatment (2 daily insulin injections); 
MI: multiple insulin injections (4—6 times daily); and 
CSI: continuous subcutaneous insulin infusion. To 
balance the groups, computerised matching was 
performed. It was based on the following criteria 
sex, age, diabetes duration, metabolic control (Table 
1), and retinopathy (grade 1, no retinopathy; grade 2, 
one to three microaneurysms or haemorrhages; 
grade 3, more than three microaneurysms or 
haemorrhages; and grade 4, grade 3 plus hard 
exudates). Patients with proliferative retinopathy 
were not included. The one eye (denoted the pnmary 
eye) with the best visual acuity or the smallest 
refractive error, or both, was selected for vessel 
measurements. One eye was selected at random if no 
differences were found. Visual acuities were 20/20 in 
all primary eyes, and the range of refractory errors 
was from +0-5 to —4-0 dioptres with a mean of —0-8 
dioptres. 


OPHTHALMIC EXAMINATIONS 

All examinations relevant to this study were per- 
formed two months before randomisation (pre- 
period), at the time of randomisation (time 0), and 
3, 6, and 12 months later. The examinations included 
fundus photography of both eyes and fluorescein 
angiography of the primary eye. Furthermore, both 
eyes were scrutinised for cotton-wool spots by 
indirect ophthalmoscopy and binocular microscopy. 


BLOOD PRESSURE AND INTRAOCULAR PRESSURE 
Diastolic and systolic blood pressure and intraocular 
pressure were registered shortly before and shortly 
after fundus photography, respectively. The intra- 
ocular pressure was measured in cycloplegia. This 
was done to obtain pressures as representative as 
' possible of the state of the eye at the moment of 


(Table 1). 


METABOLIC CONTROL 

Haemoglobin A, was estimated by an agar gel 
electrophoresis method * Mean blood glucose values 
were calculated by weekly capillary blood sampling 
on filter paper" before and 90 minutes after each 
meal, at bedtime, and in the morning. In a two- 
month preperiod home monitoring of blood glucose 
was introduced. Metabolic control was estimated at 
the same time intervals as described for the ophthal- 
mic examinations. Blood glucose was also deter- 
mined at exactly the same time as photography of the 
fundus. 


METHODS 

Densitometry across vessels in fundus photographs 
has been found to be an objective and sensitive 
method of measuring calibre.*” Our photographic? 
and computensed microdensitometnc? techniques 
have recently been described elsewhere. A short 
summary is presented here. 

A 30° ‘standard’ fundus photograph of the primary 
eye was produced by centring the photograph at one- 
half the distance between the fovea and the temporal 
edge of the optic disc. An interference filter with a 
maximum transmission peak at 535 jum was inserted 
in the light path of the Zeiss camera, and a 35 mm 
Kodak Plus-X panchromatic type 5062 film was used. 
A 48-step density wedge was photographed and 
developed together with each film. A true calibration 
for transformation from film density into a linear 
intensity scale was obtained. The measured widths 
presented in this paper are expressed as micrometers 
(um) on the retina. 

In each photograph three artenes and three veins 
were analysed. We selected vessels having a straight 
course in the retina and chose the largest and two 
middle-sized vessels. Using a Nikon profile projector 
and anatomical landmarks in the pictures, we 
selected specific sites on the vessels and marked them 
directly on the negatives. Since we studied both the 
calibre and the light reflex, we did not use the 
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Fig.1 A typical scan profile across 
a retinal vessel showing the 
background retina, the vessel 
absorption, lœ and the central light 
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(Lax), and the width of the blood 
column, Wo is measured at half 
minimum intensity of Ip. The width 
of the light reflex, W „ 18 measured 
at half maximum intensity of the 
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(From Brinchmann- Hansen and 
Engvold.? 
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fluorescein angiograms for measurements. The 
fluorescein technique does not produce central light 
reflexes. 

We used a computer controlled microphotometer 
(a 288 K memory HP-21MX computer and a 
Heidenhain optical encoder) for scanning across the 
vessels and for data processing. The positional 
accuracy of the instrument was better than 1 pm. The 
scan contained 512 or 1024 data points, the scanning 
aperture was 5 um wide (in the scanning direction), 
and the height mostly used was 250 um. The 
microphotometry data were read from the magnetic 
tapes, converted from film transmission to relative 
intensity, and viewed with a display unit. 

A typical scan profile is shown in Fig. 1. By means 
of a cross-hair cursor the background intensity levels 
were chosen on either side of the vessel and the other 
parameters were then derived by the computer. The 
depth of the vessel absorption relative to the average 
retinal background (Ip) was measured. The width of 
the vessel, Wo (=the red blood cell column), was 
determined at the full width of the vessel absorption 
at half minimum intensity of Ip. The width of the light 
reflex (W,) is measured at half maximum intensity of 
the peak intensity of the reflex, I,. The ratio of the 
widths, W,/Wo, 1s used in this study, and the I, is 
expressed as relative values: The fundus photo- 
graphy was not synchronised to pulse characteristics, 
but the randomly exposed pictures should not give 
any systematic errors. 


STATISTICS 

A two-sided Wilcoxon rank sum test was used to 
compare mean values in different treatment groups, 
and a two-sided Wilcoxon signed rank test to com- 
pare means within the same group. A two-sided 
Fisher-Irwin exact test was used to compare fre- 
quencies. The level of significance was set at 596. 
In calculating correlations between calibre of vessels 
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and various clinical characteristics in the 45 patients, 
the non-parametnc Kendall’s x method was used.* 


Results 


RETINOPATHY 
The changes in retinopathy have previously been 
published. A masked quantitative evaluation of 
colour fundus photographs (both eyes) showed a 
transient increase in number of microaneurysms and 
haemorrhages after three months’ treatment by 
CSI. Masked ranking of fluorescein angiograms 
(primary eyes) showed a progressive deterioration on 
CIT, no changes on MI, and a transient worsening at 
three months on CSU. 

During six months’ treatment eight patients on MI 
and seven on CSU had developed cotton-wool spots 
in either one or both eyes. No cotton-wool spots were 
seen in patients on CIT, and no new spots developed 
at 12 months in any of the treatment groups. Patients 
developing cotton-wool spots (n=15) were 
characterised by a longer duration of diabetes and by 
more retinopathy at the start of the study than 
patients without cotton-wool spots on MI and CSI.’ 
No age differences were noted (meantSEM) in 
subjects developing cotton-wool spots, 26-31:3 
years compared with subjects without cotton-wool 
spots, 26-042-0 years. 


BLOOD PRESSURE AND INTRAOCULAR PRESSURE 
No significant differences or changes in these 
parameters were found between treatment groups, 
between subjects with and without cotton-wool 
spots, or within each group throughout the study. 


METABOLIC CONTROL 

In the two months before treatment a lowering of 
haemoglobin A, was found in all treatment groups 
(p<0-01) (Fig. 2). After three months’ treatment 
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Fig.2 Metabolic control through the course of the study. 
Mean values; vertical bars. SEM. Decrease frorn preceding 
value within the treatment groups. * denotes p<0-01. The 
improved metabolic control between 3 and 12 months is 
statistically significant. HbA,: CIT vs MI (p<0-05) and CIT 
vs CSII (p<0-01). Blood glucose: CIT vs MI (p«0-01) and 
CIT vs CSII (p<0-01). 


significant reductions in haemoglobin A, and mean 
blood glucose values were found in the MI and the 
CSU groups (p«0-01), but not in the CIT group. The 
difference in 1mproved control between intensified 
regimens and conventional treatment was sustained 
from 3 to 12 months treatment. 

At three months patients developing cotton-wool 
spots had a greater decrease in haemoglobin A, 
(~-3-340-5 and —1-30-5) and mean blood glucose 
(—3-6X0-5 and —1-6+0-6) than those on MI and 
CSII treatment who did not (p<0-01). 


CALIBRE OF VESSELS (Wo) 

In the 45 subjects at the start of the preperiod a 
positive correlation between calibre of veins and the 
age of the patients (1—0-32; p<0-05) and a negative 
correlation between calibre of veins and the diastolic 
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Table2 Correlations between mean calibre of retinal 
vessels and various clinical characteristics in the 45 diabetics 


at the start of the study (Kendall's x*) 

Clinical parameters Mean calibre 
Artenes Ver 
n 0-32 
= —021 
os —0-26 


"The coefficient (x) rs presented when present on a statistical 
significant level of px0-05—corresponding to a t value of 20-20 
{Determined at tho instant of cahbce measurements 

—. not significant. 


(t=—0-26; p<0-05) and the systolic (t=—0-21; 
p<0-05) blood pressure were found (Table 2). 

The distribution of calibre measurements in the 
three treatment gróups at the start of the study is 
shown in Table 3. Comparable mean values and 
ranges of Wo between groups were found. No 
changes in retinal arteries and veins were found in the 
treatment groups during the course of the study 
(Table 3). 

In patients on MI and CSII those with cotton-wool 
spots were characterised by having greater initial 
calibre of retinal arteries (p<0-01) and veins 
(p«0-001) than patients without cotton-wool spots 
(Fig. 3). Among subjects having an average vein 
diameter 2140 um eight of 10 (80%) developed 
cotton-wool spots, compared with seven out of 18 
(3996) in subjects with diameter of «140 ym. 
Although a significant long-term improvement in 
metabolic control was obtained, especially in patients 


. with cotton-wool spots, no changes in either arteries 


Table3 The calibre of retinal vessels during the course of 
the study (meant SEM) 


Months 

-2 0 3 6 12 
Artenes Wo (um)* 
CIT (n=15) 11444 10914 114t4 11545 11245 
MI (n=15) 11644 11543 11644 11347 11746 
CSO (n=15) 116x4 11844 11644 11644 11344 
Veins Wo (um)*: 
CIT (n=15) 12916 | 125x4 13547 «15245 =: 1296 
MI (n=15) 1338 12748 13149 13449 133£8 
CSH (n=15) 13144 13246 13245 1316 129+6 


*Mean values of three artenes and three veins m each patient 
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or veins were observed during 12 months of treat- 
ment (Fig. 3). 


LIGHT REFLEX (W,/Wo AND Ij) 
No differences and no changes in the width of the 
reflex (W,/Wo) were found between the groups, in 
patients with and without cotton-wool spots or 
throughout the course of the study (Table 4). From 
randomisation to the end of six months' treatment a 
decrease in I, in the intensified regimens (MI and 
CSII) occurred in both arteries and veins (p<0-01). 
At the start of the study I, in both arteries (p<0-01) 
and veins (p<0-01) was more intense in subjects on 
MI/CSII developing cotton-wool spots than in those 
who did not (Fig. 4). Furthermore, subjects with 
cotton-wool spots were characterised by a greater 
increase in intensity during the preperiod in arteries 
(p<0-05) and during the preperiod and after three 
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Fig.3 ‘Calibre of retinal vessels (mean of three arteries and 
three veins in each subject) through the course of the study. 
Pooled data on subjects on MI and CSI are used. 

Mean XSEM in subjects with cotton-wool spots (CWS), 

n* 15, and in subjects without (No CWS), n=15, are 
presented Differences in initial size of vessels ** denotes 

p «0-01 and *** denotes p<0-001 


* 
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months of intensified treatment in veins (p«0-05) A 
significant decrease in I, was seen from three to six 
months in both arteries (p« 0-05) and veins (p« 0-01) 
in patients with cotton-wool spots. 


Discussion 


Increased retinal blood flow and vasodilatation may 
be important in the progression of diabetic retino- 
pathy.*?* A reversal of venous dilatation has been 
reported with improvement of metabolic control. 
We found, however, that the calibre of arteries and 
veins was unaffected by intensified insulin treatment, 
by significant lowering of blood glucose levels, and by 
slow progression (CIT) and transient (CSI) worsen- 
ing in retinopathy. In agreement with our findings, 
Hickam and Frayser found no diameter changes in 
retinal vessels during glucose infusion in normal 


R months 


Fig.4 The intensity of the light reflex (1,) through the course 


of the study. Measurements derived the same scans as 
used in Fig. 3. Meant SEM in subjects on MI/CSII with 
cotton-wool spots (CWS), n* 15, and in subjects without (No 
CWS), n=15, are presented. Significant differences between 
CWS and No CWS subjects at start and in CWS subjects from 
—2 to 6 months are denoted: * p<0-05, ** p<0-01. 
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Table4 The width (W Wo) and the intensity (I,) of the light reflexes during the course of the study (meant: SEM) 
Months 
-2 0 3 6 12 
Width (W/W,)* 
Artenes 
CIT 0-240 02 023x002 0214001 0 23+0 02 0 20+0 01 
MI 022+001 0 2040-01 0 23+0 02 0 20+0 01 0-20+0 01 
CSII 0-190 01 0 2140-01 0 21+0 01 0-190 01 0 1940-01 
Veins 
CIT 0 19+0 01 019x001 0 1740-02 0-210 01 0 191001 
MI 0-2040-02 0 18+0 02 0 1740-01 0-1910 02 0 1840 (02 
CSII 0-17+0 01 0 19+0 01 0-19+0 02 0 19+0 02 0 20+0 02 
Intensity (L)* 
Arterves 
CIT "04:86 865191 7144+65 7T1 £41 667467 
MI 8834109 1009+122 894+ 109 T32£101F 8764114 
CSU 734478 825x116 7493124 564-881 709+ 109 
Vens 
CIT 404161 509172 412137 414452 394441 
MI 4233477 42:70 416t83 304511 331158 
CSII 362::45 4881.61 442469 322i42t 371x157 


*Mean values of three arteries and three veins m each pabent 
{Decrease from the start of randomisation (time 0) p<0-01 


persons,* and Kohner et al. found no correlations 
between blood sugar levels and retinal volume flow in 
diabetic patients.” 

This study thus indicates that middle-sized and 
large vessels are unresponsive to long-term changes 
in blood glucose levels per se, at least at this 
particular level of retinopathy. Thus interpretation, 
however, is complicated by the fact that retinal 
vessels in diabetic retinopathy have a reduced 
reactivity to substances known to be vasoactive.” ?* 
Furthermore, although correlations have been found 
between flow and calibre changes,*" some auto- 
regulatory response may still have taken place. The 
small arterioles, which were not measured here, 
could have changed in diameter and affected the 
blood velocity. 

Patients with the greatest diameters of retinal 
vessels seemed at risk of developing cotton-wool 
spots during intensified insulin treatment. We may 
speculate if diabetics with anatomically large arteries 
and veins are less capable of adapting to sudden 
metabolic and/or haemodynamic changes in the 
retina. Alternatively, patients developing cotton- 
wool spots suffered the greatest degree of prestudy 
‘chronic’ vasodilatation; the stretching of the walls 
would impair the ability of the vessels to adapt their 
size according to needs. 


LIGHT REFLEX OF THE VESSELS 

A previous study has shown that our 45 diabetics, 
compared with a non-diabetic group, had narrower 
widths of the reflex (W,/W,) in the veins ? In the 


present study return to nearly normal of the blood 
glucose did not ‘normalise’ the width. Favouring the 
intravascular blood column as the main reflecting 
surface producing the reflex, a recent theoretical 
study has shown that velocity/flow changes may 
influence the ratio W,/Wo * Although this parameter 
is a rather coarse measure, it indicates that no 
significant haemodynamic changes occurred during 
the course of the study. 

Physically, light reflection will occur only across 
surfaces of different refractive indices. Small changes 
in existing differences in indices between the stream- 
ing erythrocytes and the plasma of the retinal 
circulation may influence the intensity of the vascular 
reflex (1,).? In comparison with normal controls, I, 
was found to be significantly reduced in both arteries 
and veins in the 45 participants at the start of the 
study.” This could be explained by disturbances in 
the water shift from plasma to the erythrocytes" * 
andin the composition of plasma proteins and plasma 
viscosity" which are found in diabetes. Increased 
mean corpuscular volume (MCV), elevated levels of 
plasma proteins, and probably a reduced intra- 
vascular pressure would all lower the I,.? 

Although the djameters of the streaming blood 
columns did not change, tbe intensity of the reflected 
light from these columns varied throughout the 
study. This indicates different intravascular effects of 
a rapid initial improved metabolic control (2-3 
months) compared with a long-term (6-12 months) 
improved control. The association between changes. 
in the intensity of the light reflex and changes in 
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retinopathy indicates a role for haemorrheological 
factors in the progression of microangiopathy in 
diabetes. Local conditions in the eye (large vessels) 
might be of significance to the retinal response during 
tightening of the glucose control. 
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Graves' ophthalmopathy: I. Simple CT estimates of 


extraocular muscle volume 
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SUMMARY Graves’ ophthalmopathy is an autoimmune inflammatory process affecting primarily 
the extraocular muscles. The enlargement of these muscles is responsible for most of the important 
manifestations of the disease, including proptosis, lid retraction, diplopia, and optic neuropathy. 
Recently the optic neuropathy has been shown to correlate with extraocular muscle volume as 
determined by computed tomography (CT). In the present study simplified measures of the 
extraocular muscles imaged by CT are described, which also correlate highly with the development 


of optic neuropathy. 


Recently Feldon and coworkers! described a method 
for calculating the extraocular muscle volume of 
patients with Graves' ophthalmopathy, using high 
resoluhon computed tomographic sections. They 
demonstrated that the risk of developing optic nerve 
compression increased with extraocular muscle size 
and diminution of function.!? Unfortunately the time 
and equiprhent necessary to calculate extraocular 
muscle volume limited the general application of this 
technique. The purpose of this paper is to explore 
alternative methods of determining extraocular 
muscle volume that might be more easily accom- 
plished in the clinical setting. 


Matertals and methods 


Computed tomographic scans were obtained from 
152 orbits of 76 patients with Graves' ophthalmo- 
pathy. Some of these patients were included in prior 
studies. Their average age was 50-1 years (range, 12 
to 82); there were 14 men and 62 women. 


APPARATUS 

A GE 9800 or GE 8800 CT scanner was available for 
performing the orbital scans. Ín all but nine patients 
non-overlapping adjacent slices through the entire 
orbit (including roof and floor) were obtained in the 
axial plane at 1-5 mm intervals; 1n the nine patients 
Correspondence to E Sverker Halhn, MD, Ogoakhmken, 
Sahigrenska sjukhuset, S-413 45 Goteborg, Sweden 


slices were obtained at other intervals of 5 mm or less. 
The CT scans were imaged at window widths of 250 
or 500 and at CT numbers of 0 to +20 Hounsfield 
units. These were quantitatively analysed with an 
image analyser. An attached pen enabled contours 
to be traced and digitised for analysis. Packaged 
software provided with the image analyser was used 
to determine relative and absolute areas and volumes 
ofstructures by evaluating mid-orbital and serial two- 
dimensional sections. 


PROCEDURE 

Axial CT scans were obtained at an angle of 0 to — 10? 
relative to the canthal-meatal line. Gentle eye 
closure was used to limit volume averaging produced 
by eye movement during the scan and to prevent 
asymmetric extraocular muscle contraction that 
might increase apparent muscle thickness. The 
filmed image of each slice was traced precisely. The 
bony orbit, extraocular muscle, optic nerve, and 
globe were outlined. In addition the 'muscle area' 
and the 'preseptal area' of the mid-orbital axial CT 
section, defined as that section imaging the crystal- 
line lens, the optic nerve head, and the optic canal, 
were calculated separately. The muscle area was 
defined as the sum of the medial and lateral areas. 
The preseptal area was defined as all tissue anterior 
to a line connecting the lateral orbital rims, limited by 
the soft tissue laterally and the orbital wall medially. 
A cross-section of this mid-orbital cut was defined as 
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Fig.l1 Mid-orbital section of a CT scan in a patient with 
Graves’ ophthalmopathy. Point A is the centre of the globe. 
Point B is the orbital apex. The dashed arcline is equidistant 
from point B, including the midpoint of AB. Along the arc, 
orbital width (black arrows), medial muscle width (open 
arrows), and intraconal fat width are measured. Line CD is 
defined by the anterior extent of the lateral bony orbital rim. 
Preseptal area is calculated to include all tissue anterior to line 
ED. Proptosis is defined as the distance FG. 


an arc including the midpoint between the orbital 
apex and the geometric centre of the globe (Fig. 1). 
Along this cross-section, muscle width and the ratio 
of bony orbital width to intraconal fat width were 
calculated. Proptosis was defined as the distance 
between the apex of the cornea and a line connecting 
the lateral orbital rims as they appear on the mid- 
orbital axial section of the CT scan. 

Orbital volumes were calculated by sequentially 
evaluating adjacent sections with the computed 
image analyser. Morphometric techniques were used 
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Fig.2 Scatterplot comparing muscle area with total 


extraocular muscle volume. For this and all succeeding 
figures the solid line represents the least squares linear 
regression and the horizontal axis represents total extraocular 
muscle volume. 
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Table l1 Correlation of mid-orbital CT muscle areas with 
muscle volumes 





Total EOM 


volume 


Horizontal EOM Vertical EOM 
volume volume 


Muscle area 





ü-89* 
OSS 


0-87 
0:87 


0-84 
0-81 


Muscle area 
Medial rectus 





*p<0-001 for r2 36 
EOM -extraocular muscle 


that had previously been found to be accurate to 
within 7% to 10% for measurement of CT images. 
Errors due to volume averaging were minimised by 
using thin slices. In prior studies variation between 
individuals for singe muscles, estimated as the 
average ratio of single-muscle standard deviation to 
single-muscle mean volume, was 0-35. '^ 

Because rectus muscles could not be reliably 
distinguished from adjacent extraocular muscles, the 
following pairs of muscles were analysed together: 
the levator and superior rectus, the superior oblique 
and medial rectus, and the inferior oblique and 
inferior rectus. The lateral rectus was analysed by 
itself. The volume of each muscle group was com- 
puted separately and compared with the overall 
volume of the orbit, after scaling the CT image so that 
the cross-sectional diameter of the globe on mid- 
orbital CT slice was made equal to 24 mm. In this 
study each muscle is referred to by the included 
rectus muscle. 


Results 
COMPARISON OF MUSCLE AREA OF THE MID- 
ORBITAL SECTION WITH EXTRAOCULAR MUSCLE 


VOLUME 
A plot of total muscle area of the mid-orbital axial 
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Fig.3 Scatterplot comparing medial rectus muscle area 


with total extraocular muscle volume. 
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Fig.4 Scatterplot comparing medial rectus muscle width 
with total extraocular muscle volume. 


section (‘muscle area’) compared with total extra- 
ocular muscle volume is shown in Fig. 2. Least 
squares linear regression demonstrated a correlation 
between these two measures of 0-89. Correlations of 
muscle areas with total, horizontal, and vertical 
extraocular muscle volumes (all significant at 
p<0-001) are summarised in Table 1. A comparison 
of muscle area with horizontal muscle volume had a 
correlation of 0-87, and that of muscle area with 
vertical muscle volume had a correlation of 0-84. In 
comparing the area of just the medial rectus to the 
total muscle volume, shown in Fig. 3, the correlation 
was 0-88. Thus the area of the extraocular muscle, 
singly or together, imaged in the mid-orbital section 
appeared to reflect fairly accurately the total extra- 
ocular muscle volume. 


COMPARISON OF MID-ORBITAL MUSCLE AND 
BONY WIDTH WITH EXTRAOCULAR MUSCLE 
VOLUME 

Muscle width, a measure easier to obtain than orbital 
volume, was evaluated along an arc drawn through 
the mid-orbital point (Fig. 1). The plot of medial 
rectus muscle width compared with total extraocular 


Table2 Correlation of other measures obtained on mid- 
orbital CT slice to muscle volumes 








Other measures Total EOM Horizontal Vertical EOM 
volume EOM volume | volume 

Medial rectus width 0-80* 0-79 0-75 

Preseptal area 0-79 0-75 0-78 

Proptosis 0-65 0-61 0-63 

Orbit/fat ratio 0-61 0-45 0-52 

Intraconal width 0-16 (NS) — — 





*p« 0-001 for 20-36. 
EOM -extraocular muscle. 
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muscle volume, shown in Fig. 4, gave a correlation of 
0-80. Intraconal fat width was evaluated as a possible 
indirect measure of extraocular muscle encroach- 
ment on the optic nerve. However, the correlation 
with extraocular muscle volume was poor (r=0-16). 
The ratio of bony orbital width to intraconal orbital 
fat (orbit/fat ratio) along the arc subtended across the 
mid-orbital position was also calculated (Fig. 5), but 
had a better correlation (0-61) with total extraocular 
muscle volume (Table 2). 


INDIRECT MEASURES OF EXTRAOCULAR MUSCLE 
VOLUME 

Periorbital swelling, known to correlate with extra- 
ocular muscle volume clinically,’ was identified on 
the CT scan by determining the area of the preseptal 
tissue on the mid-orbital section. Correlation 
between the preseptal area on a mid-orbital CT slice 
and total extraocular muscle volume, as plotted in 
Fig. 6, was 0-79. 
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Fig.6 Scatterplot comparing the preseptal area with total 


extraocular muscle volume. 
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Proptosis, measured from the CT scans directly 
rather than obtained clinically, was evaluated as a 
possible measure of extraocular muscle volume; 
correlation was 0-65. Correlations of the indirect 
measures with horizontal and vertical extraocular 
muscle volume, as well as with total extraocular 
muscle volume (significant at p<0-001), are sum- 
marised in Table 2. 


Discussion 


The principal alteration of the orbit in Graves 
ophthalmopathy is enlargement of the extraocular 
muscles. This was first observed by Rundle and 
Pochin* in cadavers and later confirmed both intra- 
operatively by Naffziger and radiologically by CT 
scan.-*' The importance of extraocular muscle 
volume in causing optic neuropathy in Graves' 
disease has been emphasised** and quantitatively 
assessed. ™? 

Owing to the complexity and expense of obtain- 
ing and quantitatively analysing multiple thin axial 
CT sections, the development of alternative quanti- 
tative techniques for assessing the risk of optic. 
neuropathy in Graves’ ophthalmopathy is of clinical 
importance.’ In our radiographic study we looked at 
several measures of the orbital tissues that might 
correlate well with total extraocular muscle volume, 
but which would be easier to obtain either by 
computing tissue areas from a single axial section or 
by simply using a curvilinear measure at a fixed 
anatomical location within the orbit. Our results 
suggest that high correlations exist between a variety 
of mid-orbital tissue areas or linear measures and 
total extraocular muscle volume. Although some of 
these measures could be determined manually by the 
ophthalmologist, most CT scanners have software 
that can be used to map areas and calculate distances 
on single sections. Ideally radiologists could provide 
this clinically important, quantitative information to 
the ophthalmologist. Even proptosis and periorbital 
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swelling may be more reliably estimated from the CT 
scan, because CT measures seem to improve the 
correlation of these measures with extraocular 
muscle volume substantially (r=0-65 to 0-79) com- 
pared with their clinically obtained counterparts 
(r=0-29 to 0-43).?" 


This study was supported in part by the Carmen and Bertil Rognocs 
's Fund, and by grant No. 


Unrvergty of Southern Cahforma School of Mechcane. 
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Graves' ophthalmopathy: II. Correlation of clinical 
signs with measures derived from computed 


tomography 
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SUMMARY Quantitative clinical and computed tomographic (CT) measures of Graves' ophthal- 
mopathy were obtained in 76 patients. Significant correlation of several CT parameters of the 
mid-orbital axial CT slice with optic nerve involvement was established. By means of clinical 
measures, only limitation of ocular motility was found to correlate with the optic neuropathy. The 
results suggested that there were two distinct populations of patients with Graves' disease which 
could be segregated by CT scan and clinical evaluation, one which developed optic neuropathy and 
one which did not. Therefore simple measures performed on the mid-orbital slice of the CT scan 
are recommended for all patients with Graves' ophthalmopathy as an important adjunct to careful 
evaluation of extraocular muscle function, in order to identify patients at risk of developing optic 


neuropathy. 


Computed tomography is a useful technique in the 
assessment of Graves’ ophthalmopathy.“ When 
used in association with limitation of extraocular 
muscle function, computation of total extraocular 
muscle volume on CT identifies the population at risk 
for developing optic neuropathy.*? However, several 
quantitative measures other than total extraocular 
muscle volume have now been shown to be highly 
correlated with total volume. These new measures 
are much easier and faster to obtain by either 
automatic or manual techniques of analysis.' The 
purpose of this paper is to correlate these other CT- 
derived measures with clinical manifestations of 
Graves’ ophthalmopathy. In so doing, an optimal 
technique for assessing patients with Graves’ 
ophthalmopathy can be established. 


Material and methods 


One hundred and fifty-two orbits in 76 patients with 
Graves' ophthalmopathy were studied and have been 
described in a companion paper.* An analysis of CT 
scans was performed, consisting of the quantitative 
Correspondence to E Sverker Halhn, MD, Ogonkhniken, 
Sahigrenska sjukhuset, $-413 45 Goteborg, Sweden 


estimation of extraocular muscle volume, mid-orbital 
extraocular muscle area (the area of medial and 
lateral recti being added together), mid-orbital 
medial rectus muscle area, and width (Fig. 1). 
Furthermore, on the mid-orbital axial CT slice 
(defined as that section imaging the crystalline lens, 
the optic nerve head, and the optic canal) preseptal 
area, proptosis, and the ratio of orbit to fat were 
calculated. The derivation of these CT measures has 
been described in detail elsewhere." 

In addition to CT analysis the following clinical 
signs of Graves’ ophthalmopathy were evaluated: 
proptosis, periorbital oedema, lid retraction, lid lag, 
limitation of ocular motility, and optic neuropathy. 
Proptosis was measured with the Krahn exophthal- 
mometer. Periorbital oedema was assessed in 112 of 
the orbits by measuring hermation of the upper lid 
tissue over the upper lid fold Lid retraction was 
established as the exposure of sclera superior to the 
corneal limbus. Lid lag was measured in a manner 
similar to lid retraction, but with the eyes directed 
downwards (Fig. 2). Limitation of ocular motility was 
calculated as a percentage of full excursion in both 
horizontal and vertical directions of gaze. The semi- 
quantitative techniques used to determine the clinical 
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Fig.1 Camera lucida drawing of the mid-orbital axial slice 
ofa CT scan. Point A is the centre of the globe. The dashed 
arcline is equidistant from the orbital apex (B) including the 
midpoint of AB. Along the arc medial muscle width and 
orbit-fat ratio were calculated. 


signs of Graves' ophthalmopathy have been des- 
cribed in detail elsewhere.^^ 

Optic neuropathy was defined by the signs of optic 
nerve head swelling or atrophy, the presence of 
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afferent pupillary defect, the loss of acuity or colour 
vision, or the presence of visual field defects not 
attributable to other eye disease. Patients were 
categorised as having no optic neuropathy (group 1, 
50 patients), having developed optic neuropathy 
during follow-up (group 2, 13 patients), or having 
presented with optic neuropathy (group 3, 13 
patients). The minimum follow-up time was six 
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Fig.3 Scatterplot demonstrating the relation between 
proptosis and preseptal area both measured by quantitative 
CT analysis. Proptosis shows a linear increase with preseptal 
area only through about 70% of its full range. 





Fig.2 Semiquantitative 
techniques for evaluating clinical 
signs of Graves’ ophthalmopathy 
are shown. A: The distance between 
the superior limbus and lid with eye 
in primary position of gaze is lid 
retraction. B: This distance 
measured in downgaze is lid lag. 


75 Emm C, D: The distance between the lid 


A foldand the anterior extension of 
the periorbital tissue of the upper lid 
Sy is the measure of periorbital 
Me oedema. 
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Table1 Correlation of clinical and CT signs of Graves’ ophthalmopathy 








Optic nerve Motluy lmuation | Periorbital oedema Exophthalmometry Lid retrachon (p) Lig lag (p) 
(e (p (p) (p) 

CT measurements 
Muscie arca 0-65 (p<0 001)* O 40(p<0-001) 0-46 (p<0-001) 0 39(p<0 001) — 010(NS) 0-00 (NS) 
Total muscle volume 0-65 (p<0 001) 0 46(p<0-001) | 043(p«0-001) 043(p«0001) — 015(NS) 0 01(NS) 
Medial rectus width 0-61 (p<0 001) 0-55 (p<0-001) 0-44 (p<0 001) 0 29 (p«0 01) 0 11(NS) 007(NS) 
Medial muscte arca 0-57 (p<0 001) 0 51{p<0-001) 0-49 (p<0-001) 0 45(p<0 001) — 0-17 (NS) 0 03(NS) , 
Orbrt/fat ratio 0-54 (p<0-001) 0-44 (p<0-001) — 028(NS) 0 18(NS) 0-10(NS) 0 01(NS) 
Prescptal area 0-42 (p<0-001) 0-36(p<0 001) | 047(p«0-001) 057(p«0001) 0 16(NS) 0 14 (NS) 
Proptosus 0-28 (p<0-02) 0 26(p<0 02) 0 37 (p<0-01) 073(p«0 001) | 016(NS) 0 13(NS) 
Clinical ngns 
Motility hmrtation 0-45 (p<0-001)  — 0 32 (p<0 02) 0 18 (NS) 0 21(NS) 0-09 (NS) 
Penorbital oedema 0-35 (p<0-01) 0-32 (p<0 02) — 0 29 (NS) 0 06 (NS) 0 00 (NS) 
Exophthalmometry 0-14 (NS) 0-18(NS) 029 (NS) — 0 10 (NS) 0 01 (NS) 
Lid lag 0-06 (NS) 0 09 (NS) 0 00 (NS) 0-01 (NS) 0 30(p<0 01) — 
Lid retracbon 0-00 (NS) 0-21 (NS) 0 06 (NS) 0-10 (NS) — 0 30 (p«0 01) 





*p Values >0 001 were not coosidered as ngnificant because multiple correlation was performed 


months. The group number was used as a continuous 
vanable in estimating the degree of optic nerve 
involvement for the purpose of calculating 
correlations with other measures of Graves’ 
ophthalmopathy. 


Results 


CORRELATION OF CLINICAL SIGNS WITH CT 
MEASUREMENTS 

Clinical signs of Graves’ ophthalmopathy were corre- 
lated with several quantitative measures determined 
from the CT scans. These results are summarised in 
Table 1. As expected, total extraocular muscle 
volume was highly correlated with the presence of 
optic neuropathy (r=0-65, p<0-001) and was also 
significantly correlated with proptosis, total extra- 
ocular muscle limitation, and orbital swelling. 
Similar high correlations with optic neuropathy were 
also obtained using either the muscle area (r=0-65, 
p<0-001) or the medial rectus muscle area (r=0-57, 
p<0-001). Interestingly, medial rectus muscle width 
showed the highest correlation of any CT measure 
with total limitation of extraocular muscle function 
(r=0-55, p<0-001), and was nearly as highly corre- 
lated as the more complex volume and area measures 
of the extraocular muscles with optic neuropathy 
(r=0-61, p<0-001) and periorbital oedema (r=0-44, 
p<0-001). 


CORRELATION OF CLINICAL SIGNS WITH EACH 
OTHER 

Clinical signs of Graves’ ophthalmopathy were corre- 
lated with each other. The results are summarised in 
Table 1. Significant correlations were obtained only 
for clinical measures compared with the occurrence 
of optic neuropathy. Even so, total limitation of 


extraocular motility (r=0-45, p<0-001) and pen- 
orbital oedema (r=0-35, p<0-01) were less corre- 
lated with optic neuropathy than were many of the 
CT measures. 


EXOPHTHALMOMETRY AND PERIORBITAL 
OEDEMA 

Exophthalmometry, a frequently used but highly 
vanable method’ for quantitation of Graves’ 
ophthalmopathy, showed poor correlation with optic 
neuropathy (r=0-14, p>0-1) and other clinical signs. 
Proptosis determined from the CT scans correlated 
significantly with neither optic neuropathy nor total 
limitation of ocular motility, but did correlate highly 
with Krahn exophthalmometry (r=0-73). The pre- 
septal area was defined as all tissue anterior to a line 
connecting the lateral orbital rums, limited by the soft 
tissue laterally and orbital wall medially. The pre- 
septal area encompassed elements of both penorbital 
oedema and proptosis, and it was significantly corre- 
lated with optic neuropathy and other clinical signs, 
such as total limitation of motility and periorbital 
oedema. 

A scatterplot comparing preseptal area with 
proptosis showed a linear relationship through about 
70% of the total range of proptosis. After proptosis 
was maximal, preseptal area continued to increase. 
Therefore, preseptal area was a more effective 
quantitative measure of orbital swelling in Graves' 
ophthalmopathy than were Krahn or Hertel 
readings (Fig.3). 


MEASURES IDENTIFYING PATIENTS AT RISK FOR 
OPTIC NEUROPATHY 

An attempt was made further to compare the ability 
of various CT and clinical measures to confirm the 
presence or predict the development of optic neuro- 
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Table2 Evaluation of clinical and CT signs of Graves’ ophthalmopathy in separating patients with and without optic 


No nsk optic vs developed neuropathy Present optic vs developed neuropathy 





neuropathy 

No nsk opttc vs present neuropathy 

t P t 
CT measurements 
Muscie area 9 88 p«0-0001* 633 
Total muscie volume 9 68 p<0 0001 674 
Medial rectus width 8 93 p<0 0001 679 
Medial muscle area 7 87 p<0 0001 566 
Orbit/fat rato 733 p<0 0001 5 B4 
Preseptal arca 4-37 p<0 0001 432 
Proptoss 323 p<0 0001 292 
Clinical ngns 
Moulitylumitatron 4 49 p<0 0001 5 68 
Penorbxtaloedema 3-59 p<0-0001 3 33 
Exophthalmometry 1-52 NS (p<0 07) 121 
Lid lag ) 072 NS (p<0 3) 0 39 
Lid retraction 021 NS (p<0 5) 0 49 





p f P 

p<0 0001 2-64 p<0 006 
p<0 0001 2-50 0-008 
p<0 0001 139 NS (p<0 09) 
p<0 0001 158 NS (p<0 07) 
p« 0001 1-06 NS (p<0 2) 
p«0-0001 0-34 NS (p«0-4) 
p<0-003 013 NS(p<0-5) 
p<0 0001 0 88 NS (p<0 2) 
p<0 0001 0 26 NS (p<0 4) 
NS (p«0 2) 025 NS (p<0 5) 
NS (p<0 4) 017 NS (p<0-4) 
NS (p<0 4) 0-52 NS (p<0-4) 


*p Values >0-001 were not considered as ngnificant becaust multiple correlation was performed 


pathy. These comparisons were performed using 
multiple ¢ tests Therefore, only p values less than 
0-001 were considered statistically significant. These 
data are summarised in Table 2. Virtually all CT 
measures, including muscle width, could significantly 
(p<0-0001) distinguish the groups that either had or 
developed optic neuropathy from the group that did 
not have optic neuropathy. The only clinical 
measures that distinguished these groups were total 
limitaton of extraocular motility and periorbital 
oedema. 

Neither CT measures nor clinical measures of 
Graves' ophthalmopathy successfully differentiated 
between the group that presented with optic neuro- 
pathy and the group that developed optic neuro- 
pathy. Some nearly significant differences were 
detectable between these groups by CT measures of 
extraocular muscle area (p<0-006) or volume 


(p<0-008). 
Discussion 


Clinical and CT measures of Graves’ ophthalmo- 
pathy have been compared, especially with regard to 
their relationship to optic neuropathy. All CT meas- 
ures of extraocular muscle enlargement correlated 
significantly; muscle area and total muscle volume 
were the most highly correlated. The only clinical 
measures that correlated significantly with optic 
neuropathy were limitation of ocular motility and per- 
haps periorbital oedema, confirming a prior study.* 

Along with other CT-derived measures, medial 
rectus width, which may be obtained manually, was 
reliably able to distinguish between the group that 
would develop optic neuropathy and the group that 


would not. There seemed to be no reliable way of 
distinguishing the group that developed optic neuro- 
pathy from the group that presented with optic 
neuropathy. Therefore it is likely that these groups 
were in fact the same population. 

This study has established quantitative CT evalua- 
tion of the extraocular muscles and preseptal area as 
the most important parameters in assessing and 
following up patients with Graves' ophthalmopathy. 
Muscle area can be determined by the radiologist 
using morphometric analysis available on most CT 
scanners. Similarly, preseptal area is easy to calculate 
and is a better measure of anterior manifestations of 
Graves' ophthalmopathy than are either Krahn 
exophthalmometry or clinical evaluation of peri- 
orbital oedema. If automatic analysis is not available, 
medial rectus muscle width 1s an exceptionally easy 
measure to obtain manually for evaluating risk of 
optic neuropathy, requiring only a single mid-orbital 
thin CT section and no special equipment, training, 
or calculation. 

Although many clinical signs are of value in 
diagnosing orbital involvement with Graves' disease, 
limitation of motility and optic nerve changes only 
needbe regularly evaluated once a baseline orbital CT 
scan has been performed and measured. 


Thos study was supported in part by Handlande Herman Svensons 
Fond, by De Bhndas Vanner and by grant EY (3908 awarded by the 
National Institutos of Health, USA 

ee ee 
Univeruty of Southern California School of Medicine. 
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Graves' ophthalmopathy: III. Effect of transantral 
Orbital decompression on optic neuropathy 
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From the ' Department of Ophthalmology, University of Goteborg, Sweden; and the Departments of 
Ophthalmology and Neurological Surgery, University of Southern California School of Medicine, Los Angeles, 


Caltfornia, USA 


SUMMARY Twenty-five patients (48 eyes) underwent transantral, surgical decompression of their 
orbits for treatment of Graves’ ophthalmopathy with optic neuropathy. Visual acuity improved in 
77%, remained unchanged in 17%, and worsened in 6%. Colour vision improved in 76%, 
remained unchanged in 20%, and worsened in 4%. Visual fields improved in 67%, remained 
unchanged in 12%, and worsened in 22%. In general the worse the vision preoperatively the 
greater the relative improvement postoperatively. Clinical and radiological findings failed to 
correlate with visual outcome of surgical intervention. The study shows surgery to be highly 
effective in restoring optic nerve function for patients with severe Graves' ophthalmopathy. 


The optimal treatment of optic neuropathy associ- 
ated with Graves’ ophthalmopathy is controversial. 
Systemic corticosteroids,“ high energy irradiation, 
and surgical decompression*? of the orbit have all 
been advocated. Although most authors have 
reported beneficial effects on visual acuity from 
surgical decompression, its effects on other aspects of 
visual function have not been emphasised. The 
purpose of this report 1s to quantitate the effect of 
transantral orbital decompression on the visual 
acuity, colour vision, and visual fields of 25 patients 
with Graves’ dysthyroid optic neuropathy who failed 
to respond to high dose systemic corticosteroids. 


Patients and methods 


PATIENTS 

Twenty-five patients who underwent surgical 
decompression of their orbits for treatment of optic 
neuropathy secondary to Graves’ ophthalmopathy 
were evaluated in a retrospective manner. Of these, 
21 patients underwent a single bilateral procedure, 
two underwent a single unilateral procedure, and two 
underwent a second bilateral procedure Nineteen 
patients were women and six were men; the average 
age was 58-8 years, range 27 to 83 years. All the 
patients were examined preoperatively for visual 


ce to Steven Fekion, MD, Estelle Doheny Eye 
Foundation, 1355 San Pabio Street, Los Angeles, CA 90033, USA 


acuity by Snellen types, colour vision (AO pseudo- 
isochromatic plates), and visual fields (15 patients by 
Octopus automated perimeter). In addition all the 
patients had CT scans, all but four of which were 
evaluated quantitatively to determine the extent of 
extraocular muscle enlargement " Visual function 
tests were repeated at least once after surgery. Table 
1summarises the presenting features of each patient. 
The data were analysed by standard statistical tech- 
niques of correlation and linear regression. Visual 
fields were analysed by Octopus Program Delta. The 
average follow-up time was 18-5 months, ranging 
from a low of one to a high of 49 months. 


SURGERY 
Transantral orbital decompression was performed 
according to the technique described by Walsh and 
Ogura" and lateral orbital decompression by the 
technique described by Kroll and Casten.” All 
patients received at least two weeks of high dose 
(80-100 mg/day) methylprednisolone (prednisone) 
prior to surgery; this was gradually tapered for one to 
three weeks after surgery. Transient or permanent 
infraorbital anaesthesia was present in the majority 
of patients. Diplopia, not present preoperatively, 
was apparent after surgery ın 7 of 12 patients No 
instances of orbital cellulitis, leak of «erebrospinal 
fluid, orbital haemorrhage, or catastrophic visual loss 
were encountered 
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Tablel Presenting features of 25 patients 
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Patent Age Sex Eye VA CV Fieldloss APD ON Propt TA Exp * Lum Strab * 
Muscle 
volume 

1 66 F R 20/800 015 201 * 1 2 20 = 59 25XT 156 

L 20/40 15 169 - 0 20 24 = 45 168 

2 82 F R 2030 IS NA + 4 2 24 + 63 Ortbo 210 
L * * * * . . * *. » * * 

3 39 F R 20/50 &15 NA + 2 7 27 + NA IORHT 205 

L 21630 AS NA - 0 26 24 = NA 18-2 

4 53 F R 2040 11/15 216 - 0 22 28 41 10X(T) 126 

L 21y60 1V15 206 - 0 22 31 - 43 138 

5 31 F R 2025 14/15 NA - 0 25 23 + 7 Ortho 23-4 

L 2025 12/15 NA — 0 26 26 + 40 24-7 

6 62 M R 20/400 (15 223 + 2 21 20 + 25 Ortho 230 

L 20/40 9/15 165 - 2 21 20 + 60 19 5 

7 59 M R 2015 15/15 NA - 2 25 21 = 100 Ortho 121 

L 2025 1515 95 + 4 23 30 - 55 181 

8 56 M R 20740 1M15 04 + 3 29 16 - 5] 14RHT 160 

L 20/30 15/15 00 - 3 17 17 - 64 8XT , 14-2 

9 61 F R 20/80 9/15 125 * 0 26 20 - 66 NA 

L 20/60 12/15 NA - 0 26 12 - 66 35LHT NA 

10 42 F R 20/40 11/15 49 - 0 26 30 — 86 Ortho 190 

L 20/30 11/15 73 + 0 21 32 - 69 190 

11 63 F R 20/20 10715 97 - 4 22 19 = 93 Ortho 170 

: L 20/70 1015 189 + 0 2 19 - 93 18-6 

12 63 F R 20/30 815 NA ~ 2 26 15 — 45 MET) 174 

L 20630 TAS NA + 2 27 16 - 45 164 

13 83 F R 20200 10/15 NA - Q 19 2 + 22 Diploma NA 

L 2070 8/15 NA - 0 19 18 + 29 NA 

14 59 M R 20/80 1115 NA - 0 9 24 - 35 Diplopia 119 

L 20/40 1/15 NA -' 1 7 25 - 41 140 

15 51 F R 20720 12/15 0-0 - 3 25 20 = 43 so XT NA 

E 20730 10/15 0-0 - 3 a 18 - 53 NA 

16 75 F R 20/200 Q5 NA + 4 21 20 + 50 35ET NA 

L 20/60 wis NA - 0 19 20 + 43 NA 

17 78 F R 20/200 NA 199 - 3 28 19 * 38 Ortho 216 

L 20/40 NA 146 - 4 27 2 + 40 215 

18 29 F R 20200 11/15 168 + 3 22 26 T 31 Ortho 132 

L 21020 1915 52 - 2 2 26 + 31 115 

19 49 F R 2025 11/15 25 - 2 23 14 - 19 Ortho 145 

L 30/15 12/15 44 - 2 23 15 = 19 124 

20 72 F R 2060 1015 21 = 3 24 17 NA 33 Ortho 19-0 

L 20/60 10/15 2:3 + 0 26 17 NA 35 206 

21 27 M R 2030 1415 15 - 0 31 25 t 60 RHT 178 

L 2050 13/15 30 = 0 30 20 t 60 10ET 152 

n T4 F R 1100 25 NA - 2 18 60 + 43 Diplopus 260 

L 20/200 2/15 NA + 4 14 14 + 43 269 

23 67 F R 207100 8/15 53 + 0 23 14 + 30 RHT 138 
j * * * * * + * + La ». *- 

24 74 M R 20/30 1015 NA - 2 24 18 - Nn 4RHT 145 

L 20/20 1015 NA = 2 27 20 = 48 12-7 

25 54 F R 20925 10/15 NA - 2 26 15 + 15 4RHT 10-7 

L 20/25 1x15 NA = 2 25 15 = 38 5-0 





VA=visual acuity CV=colour vision Fiekd loss mean decibel whole fieldloss APD afferent pupillary defect. ON =optic nerve status 
(O=no neuropathy, 1=hyperacmra, 2—swollen, 3=partal atrophy, 4= atrophy) Propt =proptoss TA=tenmon appianataton 
Exp =exposure %Lion=total percentage muscle [mutation Strab =Strabramus present. 

XT*-exotropa Ortho=orthotropia RHT=nght hypertropia LHT=left hypertropia E(T)=mtermittent esotropia ET=csotropua 


NA=notavalable *<Surgery not performed on that eye 


Results 


DIFFERENCES IN VISUAL FUNCTION FOLLOWING 


SURGERY 


Of the 48 eyes that had surgery 37 (77%) had 


improvement in visual acuity postoperatively, eight 
(17%) showed no improvement (five of which had a 
preoperative visual acuity of 20/20 or better), and 
three (6%) worsened. Of the 25 eyes tested for colour 
vision pre- and postoperatively the colour vision 
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Beet Post—op Visual Acurty 
Fig. 1 Scatterplot comparing pre- and postoperative 
Snellen visual acuuty results (1— —7-02, p<0 001) For this 
and all succeeding scatterplots the solid line represents ‘no 
change’, points above the line denote a decrease, while points 
below denote an improvement. 


improved in 19 (76%), remained unchanged in five 
(2096) (two of which had a preoperative colour vision 
of 15/15), and detenorated in one (4%). Of the eyes 
evaluated by Octopus automated penmetry there 
was quantitative improvement in 18 (67%), no 
change in three (12%) (all of which showed no 
preoperative loss), and an increased loss in six 
(2296). 

A quantitative analysis of visual parameters was 





O0 1 3 5 T 9 11 13 16 


Beet Post-op Colour Vision 
Fig.2  Scatterplot comparing pre- and postoperative 
pseudoisóchromanc colour vision results (t= —5-33, 
p<0-001). 


performed to determine the amount of change 
between the preoperative and postoperative assess- 
ment. Fig 1 compares the pre- and postoperative 
visual acuity by Snellen types for each patient. Fig. 2 
compares the pre- and postoperative results of 
pseudoisochromatic testing of colour vision. In 
general, patients with higher degrees of visual loss 
preoperatively had greater improvement after 
surgery. This tendency was statistically significant, 
with correlations between preoperative visual acuity 
and postoperative change being —0-54 (p<0-001), 
between preoperative colour vision and postopera- 
tive change being —0-74 (p«0-001), between pre- 
operative central 10? visual fields and postoperative 
change being —0-72 (p<0-001), and between pre- 
operative whole visual fields and postoperative 
change being —0-60 (p<0-001). 


ASSOCIATION OF NON-VISUAL AND VISUAL 
PARAMETERS WITH POSTOPERATIVE VISUAL 
IMPROVEMENT 

Proptosis, limitation of extraocular motility, and 
extraocular muscle size on CT scan were evaluated as 
possible predictors of visual outcome following 
orbita] decompression. However, correlations were 
nearly zero in each instance. 


QUANTITATIVE ASSESSMENT OF VISUAL FIELDS 
The type of visual field loss encountered preopera- 
tively was studied by means of analysis by quadrants, 
whole 30° fields, and central 10° fields. The frequency 
of encountering visual loss of various degrees in these 
portions of the field are shown in Fig. 3. The 
frequency of improvement in visual fields postopera- 
tively for each portion of the field 1s shown in Fig. 4. 
A significant correlation was found for postoperative 
improvement with preoperative seventy for the 
whole field, the lower temporal, the lower nasal, and 
the central 10° of field. These correlations are 
summarised in Table 2. 


Discussion 


Quantitative analysis of several parameters of visual 
function in patients undergoing orbital decompres- 
sion for Graves’ ophthalmopathy with optic neuro- 
pathy suggests that surgery is highly effective in 
restoring all manifestations of optic nerve function— 
acuity, visual fields, and colour vision. This improve- 
ment 1s especially remarkable in this series of patients 
because the criterion for surgical decompression was 
either failure to improve on or drug intolerance to 
corticosteroids. Morbidity of the procedure was 
acceptable, with the major complications being 
diplopia and infraorbital numbness, as has also been 
reported by others." P 





Whole Central 


Upper 
Nasal 


Lower Upper Lower 
Nasal Temporal Temporal 


Visual Fields 


C «3.0 mean dB loss 

E 3.0-7.0 mean dB loss 

Bl > 7.0 mean dB oss 
Fig 3 Bar diagram demonstrating the frequency of 
preoperative visual field loss 27 eyes. 


Other than the finding first noted by Ogura et al. ,* 
that patients with more severe visual dysfunction are 
more likely to show postoperative improvement, no 
other parameter of disease, such as preoperative 
proptosis, motility limitation, or even extraocular 
muscle enlargement by CT scan seems to aid in 
predicting which patients are likely to benefit sub- 
stantially from surgery. 

Similar studies to compare quantitatively the 
results of orbita] decompression with other types of 
treatment for optic neuropathy in Graves' ophthal- 
mopathy are needed. These additional studies should 
improve the treatment of this vision-threatening 
disease 


Table2 Correlations between preoperative visual field 
mean decibel loss and postoperative improvement 


Visual field r P 
Central -072 «0-001 
Lower temporal —0 66 «0-001 
Lower nasal -0 63 «0-001 
Whole —0-60 «0-001 
Upper temporal —0-44 «0 05 
Upper nasal 37 NS 


* ESverker Hallin, Steven E Feldon, and Jeffrey Luttrell 
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Fig. 4 Bar diagram demonstrating the frequency of 


postoperative visual field improvement I=unprovement, 
N=n0 change, D=decrease. 


This study was supported in part by Handlande Herman Svenssons 
Fund, De Blindas Vanner, and by grant No EY03908 awarded by 
the National Insttutes of Health (USA) 
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Pharmacokinetics of a 5-fluorouracil liposomal 


delivery system 


STEVEN T SIMMONS," MARK B SHERWOOD, DAN A NICHOLS; 
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From the 'William and Anna Goldberg Glaucoma Service of the Wills Eye Hospital, Department of 
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SUMMARY A liposomal delivery system was developed in an attempt to prolong ocular levels of 
5-fluorouracil for glaucoma filtering surgery. The pharmacokinetics of the 5-fluorouracil liposomal 
delivery system were studied in normal pigmented rabbits with 5-fluorouracil labelled with carbon- 
14 (C-14). "C 5-fluorouracil was incorporated into the liposomes at a concentration of 10 g/l and 
injected subconjunctivally in doses of 5 and 10 mg. Concentrations of 5-fluorouracil were assayed 
at 10 time intervals from 0-5 to 96 hours in cornea, sclera, and conjunctiva and at six time intervals 
from 0-5 to 12 hours in aqueous. Two peak concentrations were noted at approximately one and 
eight hours, with measurable levels present at 96 hours. Thus study demonstrates the ability of this 
liposomal delivery system to prolong levels of 5-fluorouracial in normal pigmented rabbits. 


5-Fluorouracil, a synthetic pynmidine, has been 
shown to decrease fibroblast proliferation in vitro' 
and has been used clinically to treat proliferative 
vitreoretinopathy! and prevent the closure of con- 
junctival filtering blebs?* In preliminary studies 
5-fluorouracil improved the final surgical outcome. 
Though various subconjunctival and intravitreal 
doses of 5-fluorouracil have been used, all have 
required frequent repetitive injections because of the 
short half-life of ocular 5-fluorouracil. These injec- 
tions cause discomfort and inconvenience to the 
patient and carry the risk of haemorrhage, infection, 
conjunctival scarring, ocular perforation, and addi- 
tional postoperative inflammation. The complica- 
tions from these treatments include corneal and 
conjunctival epithelial toxicity.) This epithelial 
toxicity has caused treatment regimens to be altered 
or discontinued.) The peak concentrations of 5- 
fluorouracil obtained have been implicated as the 
cause of this toxicity. Clinical success could be 
improved if the ocular half-life was increased and the 
peak concentration was decreased. 

Microspheres in a variety of forms have been used 
successfully to prolong drug half-lives and diminish 
toxic side effects.* 5-Fluorouracil was incorporated 
Correspondence to Steven T Summons, MD, Department of 
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into a liposomal matrix, and the ocular pharmaco- 
kinetics of a single subconjunctival injection investi- 
gated in normal pigmented rabbits. 


Matertals and methods 


Carbon-14 labelled 5-fluorouracil (1050 nCi/mg) was 
incorporated into stabilised anionic liposomes at a 
concentration of 10 g/l. By liquid chromatography 
and distillate analysis 70% of the 5-fluorouracil was 
found to be incorporated with the liposomes and 
remained stable for longer than 168 hours. The 
liposomes consisted mainly of hydrogenated lipid 
phosphatides derived from egg. The phospholipids 
were composed of phosphatidylcholine (75%) and 
phosophatidylethanolamine (20%) with the primary 
fatty acids being stearate and palmitate. This system 
was found to be multilaminar by electron micro- 
scopy. 

Dutch Belt pigmented rabbits (1:5—2-5 kg) were 
anaesthetised with a 0-7 ml intramuscular injection of 
ketamine (100 g/l) and acepromazine (1 g/l). The 
liposomal 5-fluorouracil was injected under the 
inferior bulbar conjunctiva with a 27 gauge needle. 
5 mg (0.5 ml) and 10 mg (1-0 ml) of hposomal 
5-fluorouraal were injected in the right and left eyes 
respectively. A conjunctival bleb was noted after 
each injection. The concentration of 5-fluorouracil 
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Tablei Concentration of 5-fluorouracil following a 5 mg injection of liposomal 5-fluorouraei (uglg) 
Time in hours 
0-5 1 2 4 8 12 24 48 72 96 
Sctera 3393 2052 259 430 86-2 35-0 326 97 25 09 
Coajunctiva 180° from inj. 112 109 24-1 87 167 5-5 0-9 21 0-7 0-3 
Conjunctrva 0° from in] 15475 5453 1132 340 1401 191 143 63-0 626 320 
Whole cornea 107 108 76 465 114 15.0 77 70 20 03 
Central cornea 125 188 5-2 14-4 23:2 9-9 35 42 NA NA 
Aqueous 45 62 44 25 43 0:2 NA ,NA NA NA 
Table2 Concentration of 5-fluorouracil following a 10 mg injection of liposomal 5-fluorouracil (ug/g) 
Time in hours 
05 1 2 8 12 24 48 72 96 
Sdera 5838 STI 215 450 104 38-5 13-1 9-4 1-7 32 
Conjunctrva 180° from inj 106 24-8 63-4 45-1 915 13-9 3-7 60 3.0 12 
Conjunctiva 0° from inj 41457 34816 28406 4071 4070 zn 195 570 900 370 
Whole cornea 226 215 155 79-3 140 23:6 125 19-1 19 1-9 
Central cornea 156 508 125 9-0 53-0 133 01 2:2 NA NA 
Aqueous 12-0 115 77 52 105 03 NA NA NA NA 





was measured at 10 time intervals (0-5, 1, 2, 4, 8, 12, 
24, 48, 72, 96 hours) for conjunctiva, sclera, and 
cornea and at six time intervals (0-5, 1, 2, 4, 6, 12 
hours) for aqueous. Two rabbits were used at each 
time interval except at 72 and 96 hours, when only 
one rabbit was employed. 

At the specifed time interval each rabbit was 
reanaesthetised with a 0-7 ml intramuscular injection 
of ketamine (100 g/l) and acepromazine (1 g/l). An 
aqueous sample of 0-15 ml was obtained from the 
anterior chamber through a 30 gauge needle. Two 
limbal conjunctival specimens were excised, one 
overlying and the other 180° from the liposomal 5- 
fluorouracil injection. Each rabbit was killed with a 
3-0 ml intracardiac injection of euthanasia solution 
(Beuthanasia). After immediate enucleation the eyes 
were rinsed of overlying blood with normal saline and 
the specimens obtained. The sclera underlying the 
injection site was excised with a No. 15 Bard Parker 
blade. Central corneal or whole corneal specimens 
were removed with corneoscleral scissors. 

All specimens and five samples of carbon-14 
labelled liopsomal 5-fluorouracil were placed in 
scintillation vials and weighed with an analytical 
balance. All solid tissue specimens were dried prior 
to weighing. 50 ul of normal saline were added to 
each scintillation vial, allowance being made for 
rehydration of the tissue specimens. 1 ml of tissue 
solubiliser (Protosol) was added to each vial. When 
digested the solutions were neutralised with acetic 
acid, and 10-0 ml of scintillation fluid was added to 
each vial. The radioactivity of all the samples was 
recorded in a liquid scintillation counter. Ten control 


vials contaming appropriate quantities of the 
reagents used were recorded to assess background 
radioactivity. 


Results 


The average concentration of 5-fluorouracil in the six 
ocular tissues studied after a 5 mg injection of 
liposomal 5-fluorouracil are displayed in Table 1. At 
1, 8, and 96 hours following injection the average 
concentration of 5-fluorouracil and its metabolites 
was 109, 16-7, 0-3 ug/g in superior conjunctiva, 108, 
114, and 0-3 ug/g in cornea and 3392, 86-2, 0-9 ug/g 
in sclera respectively. The peak aqueous concentra- 
tion was 6-2 ug/g. 

The average concentration of 5-fluorouracil in the 
samples studied following a 10 mg injection are 
shown in Table 2. At 1, 8, and 96 hours the average 
concentration of 5-fluourouracil and its metabolites 
was 106, 91-5, and 1-2 ug/g in supenor conjunctiva; 
215, 140, and 1-9 ug/g in cornea; and 577, 104, and 
3-2 ug/g in sclera respectively. The peak aqueous 
concentration was 12-0 ug/g. 

The average recorded background radioactivity 
was 14 cpm. This figure was subtracted from the 
scintillation recordings of each specimen. 0-1 ug of 5- 
fluorouracil was equivalent to 112 cpm, eight times 
greater than the average background recording. 


Discussion 


Blumenkranz et al. demonstrated that rabbit con- 
junctival fibroblast proliferation can be inhibited by 


ug/g 





HOURS 


Fig.1 Graphic representation of the 5-fluorouracil levels 
obtained in conjunctiva, cornea, and aqueous following a 

5 mg subconjunctival injection. The two peak concentrations 
seen in each tissue are consistent with a biphasic release of the 
5-fiuorouracil from the liposomal matrix 


50% at a 0-2 ug/l concentration of 5-fluorouracil in 
vitro.' In the present study this concentration was 
found in conjunctiva, cornea, and sclera 96 hours 
after a single injection, and in aqueous for more than 
12 hours. Graphic representation (Fig. 1) demon- 
strates a biphasic release, with peak concentrations at 
30 to 60 minutes and four to eight hours in all 
specimens. This is consistent with the release of 
separate fractions of incorporated and unincorpor- 
ated 5-fluorouracil within the liposomal matrix. 
Electron microscopy of the liposomes following 
subconjunctival injection supports this hypothesis." 
Over the first eight hours the liposomes are shown to 
lose their configuration with the release of the bound 


The ideal delivery system would provide a high, 
prolonged concentration of 5-fluorouradl in the 
subconjunctival tissues overlying the filtering site, 
with low concentrations of 5-fluorouracil in the other 
ocular tissues. This would promote an antifibrotic 


Table3 Peak aqueous levels of 5-fluorouracil with various 
delrvery methods 





ues 
Subconjunctival hiposoma! 5-fluorouradl (10 mg) 12-0 
"Topxcal 5-ftuorouraal (7-2 199-6 
Subconjunctival 5-finocouracil (10-5 mg)* 294 


S T Summons, M B Sherwood, D A Nichols, R B Penne, T Sery, and G L Spaeth 


Table4 Peak ocular levels of 5-fluorouracil by various 





Subconyunctval Topical Subconjunctival 
liposomal 5 5-fluorouracii? 
5 (7 2mg) (12-5 mg) 
(10 Omg) 
Comea 226 0 ug/g 5 9ug/g 457 6yg/g 
Lens 31pugg 6 2ugig NA 
Conjunctva 106 0 pg/g 589-8 pg/g NA 


NA=not available 


effect at the surgical site while minimising the toxic 
effects elsewhere in the eye. Comparison of peak 
levels obtained by this hposomal delivery system 
with those obtained in previous studies where 5- 
fluorouracil was administered either by subcon- 
Junctival injection*" or by topical drops! suggest that 
a lower peak concentration was obtained in aqueous 
(Table 3) and in all ocular tissues examined except for 
the conjunctiva overlying the liposomal injection site 
(Table 4). 

On the other hand high levels of 5-fluorouracil in 
the sclera and conjunctiva located at the injection site 
were obtained throughout the 96 hours studied. The 
combination of lower peak concentrations of 5- 
fluorouracil in the cornea and aqueous and high 
concentrations of 5-fluorouracil surrounding the sub- 
conjunctival injection site may have important 
clinical implications for the efficacy of this delivery 
system and for the placing of the liposomal matrix in 
relation to the filtering site. 

In the analysis of the results of this study the levels 
of 5-fluorouracil found may have been elevated 
artifiaally as a result of simultaneous binocular 
injections. Rootman ef al. have demonstrated 
aqueous levels of 5-fluorouracil in the contralateral 
eye following subconjunctival injection to be 3-796 of 
those found in the injected eye at peak concentra- 
tion.” As a result the effect of binocular injections on 


` the levels obtained is probably small and is insignifi- 


cant for future extrapolation in clinical studies. 

This preliminary investigation demonstrates the 
possible applicability of liposomes to improving the 
delivery of Sfluorouracil in glaucoma filtering 
surgery. The ability to prolong the scleral and con- 
junctival concentrations while reducing the peak 
ocular concentrations of 5-fliuorouracil as shown in 
this study may prove beneficial to the success of 
surgery and the avoidance of secondary ocular 
toxicity. Future studies will be necessary to deter- 
mine the effectiveness of the liposomal 5-fluorouracil 
to control fibroblast proliferation and inhibit bleb 
failure in comparison with standard therapy and 5- 
fluorouracil alone. 


Liposomal 5-fluorouracil 


The authors have no commercial or propnetory interest in this 
hpoeomal delivery system and have recerved no financial support m 
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Vitrectomy for idiopathic epiretinal membranes 


causing macular pucker 


SERGE DE BUSTROS,' JOHN T THOMPSON, RONALD G MICHELS, 
THOMAS A RICE; ano BERT M GLASER' 


From the 'Wilmer Ophthalmological Institute of the Johns Hopkins University, Baltimore, and the? Department 
of Ophthalmology, Case Western Reserve University, School of Medicine, Cleveland, USA 


SUMMARY We used vitreous surgery to remove idiopathic epiretinal membranes from the macular 
area in 70 consecutive cases. The abnormal tissue was successfully removed in each case. Vision 
improved postoperatively in 61 eyes (87%), remained unchanged in six eyes (9% ), and worsened in 
three eyes (4%). However, at the time of final examination vision was improved in only 47 eyes 
(67%), primarily because of the occurrence or progression of nuclear sclerosis, which occurred in 
38 of 60 phakic eyes (63%). Four preoperative factors were associated with final visual acuity of 
20/60 or better: (1) initial vision of 20/100 or better, (2) shorter preoperative duration of blurred 
vision, (3) thin epiretinal membrane, and (4) absence of traction retinal detachment. 


Localised epiretinal membranes may occur in the 
posterior pole of eyes without any associated retinal 
disease. Membranes may rarely be congenital or 
developmental, but more often they are acquired 
Idiopathic epiretinal membranes can cause reduced 
vision and metamorphopsia by several mechanisms, 
including tissue covering and/or distorting the 
macula; low traction retinal detachment of the 
posterior pole; vascular leakage with intraretinal 
oedema; and obstruction of axoplasmic flow.' 
Vitreous surgery is now used to remove the 
epiretinal tissue in selected cases. This paper reviews 
our experience treating 70 consecutive cases of 
idiopathic epiretifial membranes causing macular 
pucker and identifies prognostic factors for good 
postoperative visual acuity. 


Matertal and methods 


We retrospectively reviewed the records of 70 con- 
secutive cases of idiopathic epiretinal membranes 
treated by vitrectomy and removal of epiretinal tissue 
from the macula. The term ‘idiopathic’ referred to 
epiretinal membranes occurring in the absence of any 
known vitreoretinal disease or pathology except for 
posterior vitreous detachment; therefore eyes with 


Correspondence to Serge de Bustros, MD, Maurnenee 115, 600 
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peripheral retinal tears were excluded. Patients 
under 40 years old were also excluded because such 
cases are sometimes considered to be congenital or 
developmental, though we believe they are usually 
acquired.* 

There were 34 males and 36 females. The patients’ 
ages ranged from 42 to 85 years (median 68 years, 
mean 67 years). The right eye was involved in 37 
cases and the left in 33. The preoperative vision 
ranged from 20/50 to hand motion at 1-5 m (5 feet). 
Five eyes were aphakic before vitrectomy and five 
other eyes had an intraocular lens. The follow-up 
interval ranged from 6 months to 65 months (median 
12 months, mean 14 months). The vitrectomy tech- 
niques used to treat these cases have been previously 
published.'>* 

For each case 49 factors related to the preoperative 
examination, 38 factors relating to the operative 
procedure, and 23 factors related to the postopera- 
tive examination were tabulated. Items recorded for 
the history included age, sex, duration of blurred 
vision, duration of metamorphopsia, and types of 
previous ocular surgery. Findings from the preopera- 
tive examination included nght or left eye, visual 
acuity, type of any lens opacity, aphakia or pseudo- 
phakia, intraocular pressure, vitreous opacity, 
posterior vitreous separation, type of epiretinal 
membrane (thin or more substantial), pigmentation 
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Pre-operative Visual Acuity 
Fig 1 Scattergram showing the preoperative visual acuity 
plotted against the best postoperative visual acuity 
HM -hand motion Numbers adjacent to dots represent the 
number of eyes present at a specific location Absent numbers 
imply a single eye at that particular location on the graph. 
Dots above and to the left of the diagonal represent eyes with 
improved vision, dots below and to the right of the diagonal 
represent eyes with worse postoperative vision, and dots on 
the diagonal represent eyes with unchanged vision. Most eyes 
had improved vision after surgery. 


of the epiretinal membrane, elevation of an edge of 
the epiretinal membrane, retinal vascular distortion, 
retinal striae, retinal dragging, presence of traction 
retinal detachment, macular thickening and/or 
cystoid macular oedema visible by slit lamp biomicro- 
scopy, and epiretinal membrane in the fellow eye 

A statistical analysis was performed to determine 
which of the preoperative and intraoperative factors 
were associated with final visual acuity of 20/60 or 
better. All Comparisons of proportions were done by 
x tests. The Mann-Whitney U test was used to 
compare duration of symptoms between groups. 


Results 


The epiretinal membrane was removed from the 
fovea at the time of vitrectomy in all cases. However, 
in 28 eyes (40%) remnants of the epiretinal mem- 
brane were left posterior to the equator. In three eyes 
(4%) fragments of the epiretinal membranes were 
left in the macula. Mild petechial haemorrhages 
occurred at the time of surgery in 16 eyes (23%). 
Postoperatively the vision improved in 61 eyes 
(8796) and remained the same in six eyes (9%) (Fig. 
1). Three eyes had worse vision after surgery. At 
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Pre-operative Visual Aculty 
Fig 2 Scattergram showing the preoperative visual acuity 
plotted against the final visual acuity With longer follow-up 
fewer patients had improved vision after surgery, and more 
patients had worse vision. (Compare with Fig 1, and see Fig 
3 for more details about subsequent visual loss). 


the time of final examination the vision was improved 
in 47 eyes (67%), worse in 16 eyes (23%), and 
unchanged in seven eyes (10%) (Figs. 2 and 3). The 
primary reason for subsequent decrease in visual 
acuity was the occurrence or progression of nuclear 
sclerosis of the crystalline lens. This occurred in 38 
(6396) of the 60 phakic eyes. Of the 14 eyes with 
decreased final visual acuity 11 (79%) had develop- 
ment or progression of nuclear sclerosis. The median 
time for best postoperative vision was six months, 
whereas the median time for final vision was 12 
months. There was no difference in the length of 


Number of Eyes 





No Change 


Fig 3 Difference between best postoperative and final 
postoperahve visual acuity in number of lines The most 
common reason for subsequent visual loss is the occurrence 
or progression of nuclear sclerotic cataracts 
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follow-up between those patients whose vision 
improved and those that worsened. 

Four preoperative factors were associated with a 
final visual acuity of 20/60 or better: initial visual 
acuity of 20/100 or better, shorter duration of blurred 
vision, thin epiretinal membrane, and absence of 
traction retinal detachment (Table 1). 

A complete posterior vitreous detachment, as 
determined from the preoperative examination 


and/or intraoperative findings, was present in 55 eyes: 


(7996). Seven eyes (1096) had no posterior vitreous 
detachment. The remaining eight eyes had a partial 
posterior vitreous detachment. In six eyes the 
posterior vitreous was partially attached to the 
epiretinal membrane. 

The epiretinal membrane had a thin, cellophane- 
like appearance in 39 eyes (56%), and it was thicker 
in 31 eyes (44%). In 43 eyes (61%) a partly raised 
edge was visible preoperatively. Twelve eyes (17%) 
had various degrees of cystoid macular oedema 
visible preoperatively by contact lens examination. 
Fluorescein angiography was not routinely per- 
formed. Eleven eyes (16%) had an epiretinal 
membrane of less severity involving the macula in the 
fellow eye. 


COMPLICATIONS 

Peripheral retinal tears were identified at the end of 
the operation 1n four eyes (696). These were treated 
by cryotherapy, partial fluid/air exchange, and post- 
operative face-down positioning. One eye developed 
a peripheral retinal detachment postoperatively, and 
it was successfully treated with a scleral buckling 
procedure. No posterior retinal breaks occurred 
during removal of the epiretinal membranes. 

Angle closure glaucoma occurred postoperatively 
in one eye. It was treated with a laser iridotomy. 
Progressive nuclear sclerotic lens changes developed 
in 38 (6396) of 60 phakic eyes. The causes of this 
complication are unknown, and it is being investi- 
gated further. At the time of final examination 
recurrent epiretinal membranes affecting the macula 
were found in three eyes (4%). There was no 
apparent reason for the recurrence of epuretinal 
membranes in these three eyes. 


Discussion 


Idiopathic epiretinal membranes causing macular 
pucker and impaired vision are a well known 
acquired clinical condition. Vitreous surgery is now 
used to remove the epiretinal membrane from the 
macular area in selected cases if there is substantial 
visual loss. However, visual recovery is usually 
incomplete. There are no firm criteria for recom- 
mending surgery, and the indications may vary 


Serge de Bustros, John T Thompson, Ronald G Michels, Thomas A Rice, and Bert M Glaser 


Table1 Vutrectomy for idiopathic macular pucker 
prognostic factors for final visual acuity 








Preop factor Final postoperative virion — 

number of eyes (%) 

220160 «20/60 (p value) 
Preop VA 220/100 nE  5(19) : 
Preop VA <2¥100 18(41) 25 (59) (<8 0002) 
Tun 26(67) — 13089) co os 
More substantial 12(4) 18060) 70 05) 
TRD 2(18 9(82 " 
NoTRD E D (<0 007) 


) 
Duration of blurred vision (median) 350days 747 days (0-001) 


VA=verual santy. 

TRD-traction retinal detachment 

*p Value based on y? test 

Tp Value based on Mann-Whitney U test 


depending on the visual needs of each patient. 
However, most of the cases (8496) in our series had 
preoperative visual acuity of 20/100 or worse in the 
involved eye. 

Idiopathic epiretinal membranes present a unique 
opportunity to study the effects of epiretinal tissue on 
visual function, because these eyes do not have other 
prior or concurrent retinal disease. Identification of 
prognostic indicators of visual results helps in case 
selection for surgery and may aid in understanding 
the pathogenesis of visual loss in this condition. In 
our senes four factors were associated with final 
visual acuity of 20/60 or better: (1) initial visual acuity 
of 20/100 or better, (2) shorter duration of blurred 
vision, (3) thin, cellophane-like appearance of the 
epiretinal membrane, and (4) absence of postenor 
traction retinal detachment. 

Relatively good initial visual acuity and shorter 
duration of blurred vision have also been found to be 
prognostic 1ndicators of good postoperative vision 
after vitrectomy for other types of epiretinal mem- 
branes causing macular pucker. This probably 
indicates less initial macular damage.* Epiretinal 
membranes with a thin (cellophane) appearance also 
had a better visual prognosis. This agrees with the 
observations of others, though the reason for this 
association is not certain.’ 

In 11 cases the traction caused by the epiretinal 
tissue produced a limited low retinal detachment. 
This correlated with a poorer visual result, probably 
because of further disturbance of the retinal architec- 
ture and interference with the retinal pigment 
epithelium-photoreceptor complex. 

Peripheral retinal tears were found at the end of 
surgery in four eyes (696). These were successfully 
treated by cryotherapy and partial fluid/air exchange. 
This underscores the need for careful examination of 
the peripheral retina by indirect ophthalmoscopy 
with scleral depression at the end of the operation. 


Vutrectomy for idiopathic epiretinal membranes causing macular pucker 


The high incidence of progressive postoperative 
nuclear sclerosis found in this series is of obscure 
aetiology. Michels had previously reported an 
incidence of 34% in 90 cases." Many reasons could 
explain the higher incidence of postoperative nuclear 
sclerosis in this series, including longer follow-up and 
selection of homogeneous cases of epiretinal mem- 
branes as compared with the previous series of mixed 
actiology. Margheno ef al.’ attribute their lower 
incidence of postoperative nuclear sclerosis (12-596) 
to a variety of factors, including shorter operating 
time, distance of infusion port from the lens, type of 
irrigating fluid, and different surgical techniques, 
leaving anterior vitreous behind the lens. Recently, 
however, McDonald et al." using similar surgical 
techniques, observed this complication in 39% of 
their cases. Clearly the postoperative occurrence of 
nuclear sclerosis deserves further study. It is being 
investigated further. 
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Corneal shape and astigmatism: with a note on myopia 


R A WEALE 


From the Department of Clinical Ophthalmology, Institute of Ophthalmology, University of London, 
Moorfields Eye Hospital, City Road, London ECIV 2PD 


SUMMARY The elliptical shape and the physiological astigmatism of the normal neonatal human 
cornea are attributed to the ellipsoidal shape of the eyeball. This in turn is a feature of ocular 
development. The analysis is used to examine earlier observations on myopia. 


The human eye is said to be spherical, the cornea 
circular, and corneal astigmatism unexplained.' 
However, careful measurements show that the eye- 
ball is oblate?’ and the cornea elliptical.‘ The object 
of this paper is to try to advance an explanation of 
these observations. 

This analysis asks whether the shape of the young 
cornea depends on that of the eyeball as a whole. The 
initial prospect of success 15 barely encouraging. The 
neonatal eyeball has a radius of about 8-25 mm, 
whereas the radius of corneal curvature is nearer 7-4 
mm. The disparity increases with age from 10% to 
some 27% in the adult eye. The fully developed eye 
therefore has grafted on it, as it were, a refractive 
bubble of greater curvature than its own, which 
satisfies well-known optical requirements. 

However, heterotropic surface  forces—for 
example, those due to the action of the recti muscles 
— are transmitted to the cornea via the sclera.’ The 
corneal fibrillar organisation (of the adult eye) is not 
random but polarised, as though the cornea were 
subject to limes of force, orthogonal to each other and 
in line with the muscular directions of action, giving 
nse to an outline reminiscent of a Maltese cross.* 

Moreover, the cornea barely grows after birth, and 


it increases its radius of curvature later only by an’ 


equivalent of less than 4 D, compensating optically 
therefore only for some 22% of the postnatal growth 
(about 6 mm) of the ocular axis. It would seem, 
therefore, that, approximately up to term, the cornea 
grows and develops in step with the rest of the eye but 
resists the effects of ocular growth after birth more 
and more effectively. 

However, in two senses it 15 deformed already at 
birth. On average its refraction is slightly aspherical 
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and its shape non-circular. A priori it 1s improbable 
that it should develop these characteristics—which 
are found in many mammals—actively by endo- 
genous forces. Can it do so passively? 


Hypothesis 


While various authors agree that the vertical dia- 
meter of the globe 1s the smallest, there 1$ some 
uncertainty as regards which is the largest. So far only 
the sagittal diameter has been measured in situ; 
enucleated material tends to be flaccid, and measure- 
ments may depend in part on tbe resting orientation 
of the eyeball. In the embryo Scammon and Arm- 
strong! found the sagittal diameter to be the largest, 
while others! give its value as intermediate to the 
other two. Ethnic differences may have a role.* It will 
be shown that the above uncertainty as regards the 
relative ocular dimensions is immaterial in the 
present context so long as the vertical diameter is the 
smallest. The oblate shape of the eyeball is due to 
embryonic development. Leser! showed that, even at 
the 5—6 mm stage, the human eye is tubular, a 
crcumstance attributable to ectodermal growth. 
More recent work? concurs with this. 

The present postulate is that both corneal ellip- 
ticity and physiological (with-the-rule) astigmatism 
are attributable to the oblate form of the fetal eye, a 
hypothesis supported inter alia by the observation 
that the young cornea yields less to stress than does 
the sclera.” 

If, then, the corneal dimensions differ in the two 
principal meridians, are there external forces to 
account for this? Similarly, if the curvatures differ in 
the two meridians, are there external forces to 
achieve this? More especially, if the answer to both 
questions is yes, are the forces related? 
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Corneal shape and astigmatusm: with a note on myopia 


Theory 


SHAPE 

Let the sagittal, transverse, and vertical diameters of 
the globe be 2a, 2c, and 2b, 1n decreasing order. As 
long as 2b is the smallest, the general conclusions of 
this analysis are unaffected by the relative magni- 

tudes of the other two. As the scleral thickness is 
about 1/30 of the above diameters, the tension T can 
be estimated on the assumption that the eyeball 
maintains its shape under the influence of the intra- 
ocular pressure p. We follow the usual convention, 

namely that T, measured in a surface per unit length, 
actsin a direction perpendicularly to the surface. This 
requires a knowledge of the radius of curvature at the 
point of action if the surface is curved. An ellipse with 
principal semiaxes a and b is described by the 
expression 

(x/a)-- (yb) -1 (1) 
The radius of curvature at the point x=ta, y=0 
equals b’/a; similarly, at x=0, y- tb, the value is 
a/b.” 

Although the tension T 1s assumed to be constant 
for the sclera, but may possibly differ for the cornea 
and almost certainly does so in the lamina cribrosa, 
these non-uniformities will be assumed to be 
negligible. 

Elementary theory shows that, in any one 
meridian, p=T/R, where R is the radius of curvature 
at the point under consideration.? At the point 
of intersection of two pmncipal meridians, the 
respective values being R(1) and R(2), p= 
TIYR(1)+UR(2)]. Let the sagittal circumference of 
the eyeball be described by an ellipse with semiaxes 
a, b (where 2a is the axial length), and the horizontal 
circumference by one with semiaxes a, c. Hence the 
pressures perpendicular to the optic axis are 
in the vertical: — T.b. (L/a--1/c?) 
in the horizontal T.c. (1/b?+1/a”) 

The ratio of the meridional areas perpendicular to 
them is b/c, so that the ratio G of the forces acting in 
the vertical and horizontal directions respectively is 
approximately 

_f{b\2 ac 
8 e) a+b 6) 

This expression demonstrates the validity of the 
argument regarding 2b being the smallest ocular axis, 
as mentioned above. Let the numerator and denomi- 
nator of the second of the two fractions be divided by 
C', and (a/c) set equal to X; then 


G=[1+XM[1+X/(b/c7], 
which must be smaller than unity irrespectively of the 
value of X. 


Tablel Neonatal ocular dimensions and comparison 
between computed and observed corneal shapes 


Ocular dimensions in mm Coucaran Japanese 
a 8-55 83 

b 8-1 8-0 

c 84 85 

G (calculated) t 0 963 0-941 

G (observed, n3) 0-94+0 027 


Table2 Calculated and observed values for neonatal 
astigmatism with-the-rule (in dioptres) 


Caucenan Japanese 
Calculated 35 5:8 
Observed «4-4 2 2 (average) 


The forces stretch the eyeball differently in the, two 
directions perpendicular to the optic axis and, in so 
far as they are transmitted to the corneal limbus, the 
pull on the developing cornea in the vertical is smaller 
than in the horizontal. On the simplest of assump- 
tions it follows that G is approximately equal to the 
ratio of the vertical and horizontal dimensions of the 
neonate cornea, as mentioned above. Sets of relevant 
data are available for Caucasian and Japanese eyes 
for testing equation 3. The distinction may be 
material, because there are significant anatomical 
differences between Mongol and Caucasian eyes." 
The Caucasian' and Japanese? data are shown in 
Table 1 together with the calculated value of G 
(equation 3) and an estimate of observed values of 
the corneal shape ratio. 

It has to be remembered, however, that the 
observed value is obtained for instance from photo- 
graphs, that is, for a fronto-parallel plane, whereas 
the data are calculated 'in the round'. The ratio ofthe 
projections of the vertical and horizontal diameters 
of the cornea equals b/c, the values for the two 
populations being 0-964 and 0-941 respectively. 
These are similar to the calculated figures for G given 
in Table 1, and justify the mode of comparison of the 
ratio of the principal corneal dimensions and that of 
their projections in a fronto-parallel plane. 


PHYSIOLOGICAL ASTIGMATISM 
Within rather wide limits neonatal astigmatism of the 
cornea" * 1s also explicable in terms of the oblate 
shape of the eyeball. The expression for the radius of 
curvature of an ellipse shows that the ratio of the two 
principal radii of curvature R(1) and R(2) at the 
anterior ocular pole is (b/cY. Given the expression 
for astigmatism in terms of the difference between 
the dioptric powers in the two principal meridians 
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AP-P(1)-P(2)-(u-1). [UR(1) -URQ)] 

"((u-1yP)-[PQYP(1)71]. ..... (4) 
where R is the mean neonate radius of curvature 
(~7-4 mm, see Weale"). It is, in effect, equal to 
0-5[R(1)+R(2)], but no significant error is intro- 
duced by puting R~R(i)~R(2). With p=1-372, 
and values culled from Table 1, those shown in Table 
2 are obtained and compared with experimental 
ones.*" 

Half these values are referred to as spherical 
equivalents." The agreement between theory and 
experiment is circumscribed. The large theoretical 
value for Japanese eyes is evidently due to the small 
value of (b/c? (Table 1). Although the excised eyes 
from which measurements were obtained were fixed 
prior to measurement, no attempt appears to have 
been made to establish whether the inherently flac- 
cad tissue was deformed, for example, while it 
hardened. 


Discussion and relevance to myopia 


The comparison between observed and calculated 
values both for corneal shape and physiological 
astigmatism suggests that, at least in the fetal eye, the 
relative deformation of the cornea 1s explicable in 
terms of tensile forces in the ocular globe. In the adult 
eye the transmission of such forces seems to be 
reduced, but this may be less valid for the myopic 
eye, which incidentally may have a thin sclera. The 
idea has been advanced” that the myopic eye tends to 
manifest compensatory features: the cornea flatten- 
ing and, in a manner which was not clear to those 
authors, the lens too being poised to counteract 
myopia. 

If one disregards corneal astigmatism and recalls 
that the myopic eye is frequently axially extended, 
then it is possible to estimate the condition in which 
the cornea will oppose myopia. Assume that the optic 
axis of the myopic eye is 2a’ and its diameter 2b’. 
Then it follows from equation 4 that the difference 
in refractive power between the myopic and the 
emmetropic cornea will be approximately 


AP ((u- Y R).[(b'/by. (a/a')1] . (5) 
where Re-8 mm; AP=0 when (b'/by—a'/a. Since 
a'=a(1+n) and b’=(1+e), where 7 and e are small 
as compared with unity, the transverse diameter need 
increase by only one half the axial increase. As the 
clasticity of the cornea resists the bending forces of 
the globe, the geometrical change may not wholly 
reflect optical necessity. But it is not hard to see that 
an extension of the transverse diameter can also act 
on the lens. 

Put at its simplest, owing to zonular tension the 
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` focal length f of the lens is proportional to b or f=kb. 


Thus in the emmetropic eye, f=50 mm, so that 50= 
11 k, b in emmetropia equalling approximately 
11 mm. Therefore f—4-55 b. An increase in b to b' by 
only 1 mm in myopia’ hence leads to a reduction in 
lenticular power of over 1-5 D, that is, myopia 1s 
counteracted. The calculation is invalidated for an 
ovoid eye, as when a staphyloma develops, but for 
the majonty of simple myopes it offers at least a 
qualitative explanation of the earlier observations.” 

The aetiology of myopia 1s still not understood. 
However, in so far as axial elongation is involved, this 
must be the result of the action of some force(s). 
Ocular inflation could play a part in teenage myopia 
as it does in the developing eye.” It 1s important to 
determine to what extent mechanical factors as 
distinct from growth may be involved at this later age. 

In summary, a consideration of the tensile forces 
acting on the surface of the ocular globe helps our 
understanding of the development of corneal shape 
and curvature and may point to a possible modifica- 
tion of some of the processes causing myopia. 
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Addition of hyaluronidase to lignocaine with | 
adrenaline for retrobulbar anaesthesia in the surgery 


of senile cataract 


IAN THOMSON 
From Norton Eye Unit, Norton, Zimbabwe 


SUMMARY A double-blind trial demonstrates the effectiveness of adding hyaluronidase to 
lignocaine with adrenaline in producing ocular akinesia and anaesthesia in retrobulbar nerve 
blocks. 92% of the blocks in which hyaluronidase was used for intracapsular cataract surgery were 
judged successful compared with 56% of those without added hyaluronidase (p<0-01). 


Hyaluronidase is an enzyme which depolymerises the 
polysaccharide hyaluronic acid present in the intra- 
cellular matrix of connective tissue.’ It increases the 
spread of locally injected anaesthetics and so should 
improve the effectiveness of nerve blocks. 
Reports on its value in retrobulbar anaesthesia 
have differed. Atkinson! and Lebensohr! found it to 
be useful, while Minde!’ did not find it to be effective. 
Dissatisfaction with the initial success rate of 
lignocaine with adrenaline alone prompted this trial 
with the addition of hyaluronidase to the anaesthetic. 


Matertals and method 


One hundred and fifty consecutive patients admitted 
for senile cataract surgery were randomly allocated 
to one of two groups, A or B. Two identical 150 ml 
bottles of local anaesthetic were prepared. To each 
bottle was added 100 ml of 2% lignocaine and 1 ml of 
adrenaline 1/1000. To one of the bottles 1500 IU of 
hyaluronidase was added. One bottle therefore con- 
tained 100 ml of 2% lignocaine with adrenaline 
1/100000 and other 100 ml 2% lignocaine with 
adrenaline 1/100 000 and 15 IU hyaluronidase/ml. 

The bottles were labelled A and B by an indepen- 
dent observer who was told which bottle contained 
the hyaluronidase. After the labelling of the bottles 
only the observer knew what was in each bottle. The 
same procedure was repeated when more anaesthetic 
was needed. The code was broken at the end of the 
series of 150 patients. 
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Since no trouble had been previously experienced 
with facial nerve blocks, only 2% lignocaine with 
adrenaline 1/100 000 (prepared separately) was used 
for this procedure. A combined van Lint and O’Brien 
technique 1s used routinely, with 1 ml injected over 
the mandible 2-5 cm in front of the ear lobe and 2-5 ml 
injected above and below the orbital rim, the injec- 
tion being started 2-5 cm lateral to the orbital rim. 

The retrobulbar injection was 2 ml given through a 
26 G 50 mm needle. The injection was started at the 
lower, lateral orbital margin, the needle passed 
straight back through the skin of the lower lid for 1 cm 
to go through the orbital septum, and then angled at 
45° to follow the lateral wall of the orbit to the apex. 
An attempt was made to place the anaesthetic 
solution within the muscle cone. 

Preoperative sedation was 25 mg chlorpromazine 
given orally approximately half an hour before 
surgery. No local anaesthetic drops were put 1n the 
eye either before or during the operation. 

Six patients were operated on at each session. All 
anaesthetics were given by me at the start of each 
session and before scrubbing up for surgery. The first 
patient to be operated on therefore had his local 
anaesthetic about 15 minutes before surgery (10 
minutes to give six anaesthetics plus 5 minutes for 
scrubbing up) and the last patient about one hour and 
five minutes after the local anaesthetic, an average of 
10 minutes being allowed for each operation. This 
time gap is well within the normal range given for the 
duration of lignocaine with adrenaline.’ The addition 
of hyaluronidase has been shown not to reduce this 
duration.* 
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Addition of hyaluronidase to lignocaine with adrenaline 


The patients were operated on in the order in 
which they presented at the outpatients department 
and were given anaesthetic A or B alternately. No 
attempt was made to time the onset of akinesia or 
anaesthesia. Akinesia and anaesthesia were assessed 
on the operating table by me immediately before 
surgery and after the eye had been washed and 
draped. The following grading system was used: 

Grade 1. Complete akinesia and anaesthesia as 
shown by (a) painless insertion of the upper lid 
suture; (b) Complete absence of eye movements; (c) 
the eye in the primary position; (d) complete anaes- 
thesia of conjunctiva and cornea. 

Grade 2. Akinesia and anaesthesia considered | 
adequate for safe intraocular surgery as shown by (a) 
painless insertion of upper lid suture; (b) eye move- 
ments less than 15? (estimated) in any direction of 
gaze; (c) complete anaesthesia of conjunctiva and 
cornea. 

Grade 3. Unsuccessful akinesia and anaesthesia as 
judged by (a) painful insertion of the upper lid 
suture; (b) eye movements greater than 15° 
(estimated) in any direction of gaze. 

Patients with a grade 3 anaesthetic had a repeat 
retrobulbar injection of 2% lignocaine with 
adrenaline 1/100 000. 

The surgical procedure consisted of (1) a 3/0 silk 
suture passed through the central upper lid margin 
and clipped with mosquito forceps to retract the lid; 
(2) a Graefe knife section; (3) a penpheral iridec- 
tomy; (4) one preplaced 8/0 silk suture; (5) intra- 
capsular cryoextraction of the lens; (6) two further 
8/0 corneoscleral sutures. A superior rectus suture 
for eye fixation was not used. 

Three patients had a retrobulbar haemorrhage and 
were excluded from that particular session but re- 
entered the trial with the same anaesthetic when they 
were rescheduled for surgery one week later. All 
preoperative tensions were less than: 21 mmHg 
Schigtz. 


Results 


The results were analysed by x? test with one degree 
of freedom. 

A successful anaesthetic was grade 1 or grade 2. Of 
the 150 blocks 74% were successful first time, with 
the remainder needing a second retrobulbar injec- 
tion. Of the 75 who had added hyaluronidase 9296 
were successful compared with only 5696 of those 
without hyaluronidase (p<0-01) (Table 1). 

Sixty-seven of the 150 anaesthetics were grade 1 
and nearly three-quarters of them had added 
hyaluronidase. Conversely nearly 80% of the 39 
anaesthetic failures were in patients without added 
hyaluronidase (p<0-01). The 44 grade 2 anaesthetics 
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Table1 Success and failure rate of anaesthesia in all 
patents and in those with added hyaluronidase and those 
without 


Success (%) Failure (96) Total (%) 
All anaesthetics 111 (74) 39 (26) 150 (100) 
With hyaluronidase 69 (92) 6 (8) 75 (100) 
Without hyaluromdase 42 (56) 33 (44) 75 (100) 


Table2 Grade of anaesthesia achieved in patients with 
added hyaluronidase and without hyaluronidase 


Grade of With (%) Without (%) Total (%) 
anaesthesia h hyaluronidase 

1 48 (72) 19 (28) 67 (100) 
2 21 (48) 23 (52) 44 (100) 
3 6(15) 33 (85) 39 (100) 
Total 75 75 150 


type of anaesthesia 


Grade of Without With Total 
anaes thera hyaluronidase hyaluronidase 

Grade 1 0 1 1 
Grade 2 1 0 1 
Grade 3 4 1 5 
Total 5 2 7 


were more or less equally divided between the two 
groups (Table 2). 


COMPLICATIONS 

Seven patients (4-696) had prolapse of vitreous into 
the anterior chamber at the time of surgery. Five of 
those were in patients not given hyaluronidase and 
two in those who had added hyaluronidase. The 
difference is not statistically significant (0-2<p<0-5) 
(Table 3). 

A larger series might show a difference, since it is 
my experience that vitreous prolapse is nearly always 
associated either with poor anaesthesia or with 
repeated retrobulbar injections. Repeated injections 
of fluid into the retrobulbar space will increase the 
pressure behind the eye in a manner analagous to that 
of a small retrobulbar haemorrhage. When the eye 1s 
opened and the intraocular pressure falls to zero, the 
effect of increased pressure behind the eye will be to 
push forward the vitreous in response to the pressure 
gradient created. 

Twenty-one (14%) patients had accidental rupture 
of the anterior lens capsule necessitating extra- 
capsular lens extraction. Of those, 11 (52-496) were 
in patients without added hyaluronidase and 10 
(47-6%) were in the group with hyaluronidase. The 
difference is not statistically significant. 
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Discussion 


Hyaluronidase has been used as an adjunct to local 
anaesthesia since the late 1940s. It found favour with 
ophthalmologists and continues to do so (Christy 
NE, personal communication) despite Mindel's 
negative report in 1978.* In his 27 cases there was a 
25% failure rate without hyaluronidase and a 50% 
failure rate with hyaluronidase. Mindel, however, 
did not add adrenaline to his anaesthetic, so his 
results are what one might have predicted. Without 
adrenaline to restrict absorption the hyaluronidase 
acted only to increase diffusion, so limiting its 
effectiveness. He did find that the induction of 
anaesthesia was faster with hyaluronidase, which 
would be expected from the more rapid initial spread 
of the anaesthetic produced by the hyaluronidase. 
Good local anaesthesia in cataract surgery is 
almost a sine qua non for good results. To operate on 
an eye which has perfect akinesia and anaesthesia is a 
relatively simple procedure, with a few complications 
and an excellent prognosis. To operate on an incom- 
pletely anaesthetised eye is an invitation to disaster. 
Some practitioners are doubtless more adept than 
others at placing their retrobulbar injections exactly 
within the muscle cone. Oji and Oji got 73% absolute 
akinesia with lignocaine alone in their series of 30 
patients and 93% of 30 patients with a mixture of 
lignocaine and bupivacaine.’ For those of us less 
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skilled the addition of hyaluronidase probably allows. 
for an error of 1 cm in the placement of the 
anaesthetic.‘ 


CONCLUSION 

I recommend the addition of 15 IU hyaluronidase/ml 
to 2% lignocaine with adrenaline 1/100000 for retro- 
bulbar blocks as an aid to achieving complete ocular 
akinesia and anaesthesia in cataract surgery. 


Tam grateful to Mrs Joanna Thomson for recording the results and to 
the Zimbabwe Council for the Blind, Christoffel Bindenmisgpon, 
and the Royal Commonwealth Sooety for the Bind, who provide 
the financial support for Norton Eye Unit 
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isation and presentation reflect not only the author's skills as a teacher, but also his mature 
clinical acumen. An invaluable basic teaching programme for aspiring ophthalmologists 
and a reliable source of reference for practising ophthalmologists. Selected Topics will also 
be of interest to opticians, orthoptists and general practitioners. 
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Clinical assessment of retinal elevations: a review of 
methods and a novel clinical technique* 


GEOFFREY E ROSE 


From Moorfields Eye Hospital, City Road, London ECIV 2PD 


SUMMARY A new clinical test for the detection of retinal elevation is described. The test, based on 
alterations of retinal surface light reflexes during indirect ophthalmoscopy, is extremely sensitive to 
very shallow detachments. The optics, the degree of sensitivity, and the limitations of the new 
clinical technique are examined and other clinical methods are reviewed. 


The assessment of retinal disease is largely based on 
ophthalmoscopic signs and on auxiliary tests of 
retinal function, such as tests of visual field, colour 
discrimination, or retinal electrophysiology, and of 
anatomical and functional  relationships—for 
example, fluorescein angiography, ultrasonography, 
and computerised x-ray tomography Whereas 
extremely shallow retinal elevation (beyond the 
resolution of binocular indirect ophthalmoscopy) can 
often be inferred from other clinical signs—for 
example, the presence of subretinal haemorrhage or 
turbid fluid—in some instances it is necessary to 
assess the degree of elevation by clear subretinal 
fluids. It is with respect to the latter group that this 
paper is particularly addressed. 


Systematic review of the clinical techniques available 
for assessing retinal elevation 


The direct ophthalmoscope was introduced in 1851 
by von Helmholtz,' although the principles of the 
technique, as detailed by Purkinje,’ predate the 
advent of this instrument by several years. Indirect 
ophthalmoscopy was described by Reute in 1852? and 
a binocular instrument was soon to follow in 1861.* 
Binocular indirect ophthalmoscopy did not, how- 
ever, gain widespread use until the introduction of 
the head mounted ophthalmoscope by Schepens in 
1947.° Slit-lamp biomicroscopic examination of the 
fundus was possible (1n all except eyes with extreme 
myopia) only after the introduction of the corneal 
contact lens, the high power concave lens (Hruby 
lens), or the high power biconvex lenses of good 


*Presentod in part at Oxford Ophthalmological Congress, 1987 
Correspondence to Mr G E Rose, FRCS. 


optical quality (namely the +60 dioptre and, more 
recently, the +90 dioptre). ` 

Irrespective of the method of examination used, 
the techniques of optical assessment of retinal eleva- 
tions can be considered in two groups. The first group 
of methods assess the degree of separation of retinal 
features from the normally adjacent retinal pigment 
epithelium and choroid. The less used second group 
depend on alterations of surface contour that occur 
with elevations of the sensory retina. 


METHODS DEPENDENT ON SEPARATION OF 
IMAGES 

The central displacement of the retinal structures or 
associated lesions—for example, retinal haemorr- 
hages or holes—with respect to the underlying 
choroid and retinal pgment epithelium provides an 
optically assessable measure of retinal elevation. 
There are several methods of examining this 
displacement: 

Monocular methods. (1) Disparity of dioptric 
correction required to focus the retinal and the 
choroidal details during direct ophthalmoscopy; (2) 
variable and increasingly hypermetropic objective 
refraction (indirectly related to (1)); (3) parallactic 
movement of retinal features over the choroidal 
background pattern; (4) position of shadows, cast by 
retinal structures, on the underlying choroid; (5) 
examination of ‘optical sections’ created with the slit- 
lamp biomicroscope. 

Binocular methods. (1) Stereoscopic binocular 
indirect ophthalmoscopy and its adaptation to slit- 
lamp biomicroscopy (with the +60 dioptre El Bayadi 
lens or the +90 dioptre condenser lens); (2) stereo- 
scopic binocular slit-lamp biomicroscopy, with a 
contact lens or —56 dioptre Hruby lens to create 


703 


704 


upright virtual images; (3) stereoscopic pairs of 
fundus photographs. 

In practice the direct ophthalmoscope has the 
advantage of permitting viewing of the fundus 
through a small pupil, but with the limitation of this 
being only a monocular view. The approximation of 3 
choptres of hypermetropia for every 1 mm of retinal 
elevation (2 dioptres in the aphakic eye) is well 
known to most ophthalmologists. With normal 
retinal apposition structures such as retinal vessels do 
not cast visible shadows on the underlying retinal 
pigment epithelium and choroid; to see such shadows 
implies an elevation of the retina. The presence of 
parallactic movements of retinal features with 
respect to the choroidal pattern is demonstrable only 
when the patient’s pupil is dilated; uninterrupted 
visualisation of the retina during the side-to-side 
movement of the ophthalmoscope (this movement 
generating the parallax) is not possible with an 
undilated pupil. 

Parallactic movement can readily be demonstrated 
with the binocular indirect ophthalmoscope. One 
method involves closure of alternate eyes of the 
Observer (thereby mimicking monocular indirect 
ophthalmoscopy with an observer movement equiva- 
lent to the reduced interpupillary distance of the 
instrument) and the second method involves the side- 
to-side displacement of the observer and the con- 
denser lens (with the option of monocular or binocu- 
lar viewing). The presence and displacement of 
shadows cast by retinal structures 1s often appreci- 
ated with the indirect ophthalmoscope, both because 
of the strong illumination and also because of the 
Offset between the axes of illumination and observa- 
tion. 

Although the slit-lamp biomicroscope 1s generally 
regarded as a binocular instrument, the oblique 
‘optical section’ may be assessed monocularly; the 
viewing of an oblique optical section requires a well 
dilated pupil. Although mydriasis is needed for 
binocular indirect ophthalmoscopy, it is not neces- 
sary for the slit-lamp biomicroscope arrangement 
using a +90 dioptre condenser lens. In contrast, the 
virtual images created by the Hruby lens or contact 
lens during fundal examination at the slit-lamp bio- 
microscope can be examined stereoscopically only 
with good mydriasis. The fundus camera is based on 
the principle of indirect ophthalmoscopy and, for 
good quality stereo pairs or photographs, needs a 
well dilated pupil. 


METHODS DEPENDENT ON ALTERED RETINAL 
SURFACE TOPOGRAPHY 

Of the methods dependent on the separation of 
images (vs), only the examination of the optical 
section created on the slit-lamp biomicroscope draws 
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further information from the alteration of retinal 
surface topography. Thus, when examining an eleva- 
tion of the retina there is a deviation from the normal 
parallel concavities (of the retina and the choroid) as 
created by the oblique optical section. Depending on 
the degree of detachment, the retinal contour may be 
planar (instead of concave) or even convex with 
respect to the incident slit-beam illumination. 


FURTHER THEORETICAL METHODS FOR 
ASSESSING ALTERED RETINAL SURFACE 
TOPOGRAPHY 
The examination techniques reviewed form a power- 
ful armamentarium for the detection of retinal eleva- 
tions. They fail, however, to utilise the full potential 
of the changes in surface contour that occur with 
retinal elevation. 

Although more complex in practice, the retinal 
surface can be considered to be a concave mirror over 
most of its area, and very small degrees of retinal 
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Fig.1 Postertor retinal topography and the origin of the 
principal surface light reflexes. Reflex ‘A’ from the concavity 
of the foveal pit, macular reflex ' B’ from the convexity caused 
by the area of maximum retinal thickness and reflex 'C' from 
the concavity of the extramacular retina. The Wes reflex, 
‘D’, arises from the concavity nasal to the optic disc. 
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Fig.2 Alterations of the position of the three mayor light reflexes from the retinal surface with across-the-axis displacements 
of the condenser lens during indirect ophthalmoscopy, the light reflexes are represented by shading The line XY represents the 
exarrunation 


honzontal meridian at the midpoint of the eye under 


detachment will produce a marked increase in the 
radius of curvature of this concavity. As the retinal 
elevation increases, so the shape changes from 
concave to planar and finally becomes convex. The 
normal retinal surface reflexes that occur during 
indirect ophthalmoscopy (both binocular and mono- 
cular) are predominantly those that occur at a 
concave mirror, retinal elevation disturbing these 
patterns and thereby becoming manifest on clinical 
examination. 

The detection of aberrations from the correct 
concavity of a spherical or parabolic mirror is a well 
established technique in the construction of astro- 
nomical telescopes. The Foucault test* used in the 
detection of these aberrations is not, however, 
applicable as a test of retinal concavity. In contrast, 
the movements of the light reflexes during indirect 
ophthalmoscopy, as detailed in this paper, provide a 
novel, quick, and sensitive technique for the detec- 
tion of shallow elevations of the sensory retina 


Shifting retinal light reflexes— the new clinical 
technique : 


When the pupil is well dilated and the surface light 
reflexes are strong during indirect ophthalmoscopy, 
the technique may be modified by the movement of 
the condenser lens from side to side. This displace- 
ment (by only a few millimetres) of the condenser 
lens from the optical axis causes a marked alteration 
of the fundal surface light reflexes. 

In the normal fundus, especially in young subjects, 


the light reflexes will be seen to comprise three 
distinct reflexes, with additional reflexes in certain 
cases (Fig. 1). The most peripheral conforms to a 
section of an annular reflex, often extending out to 
beyond the major temporal vascular arcades; this 
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Fig.3 (a) Optics of the illumination of the retina under 
examination during indirect ophthalmoscopy and (b) during 
displacement of the condenser lens across the orginal axis, 
XY, of the system, the new optical axis is represented by the 
broken line. Only the limiting rays are illustrated (not to 
scale). The optical system forms a real image of the source of 
illumination, this image lying approximately at the wis plane 
of the eye under examination 
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section moves in the direction of displacement of the 
condenser lens (‘with’ movement—Fig. 2). The 
middle reflex is ring shaped and anses at the fringe of 
the macula where the retina reaches a maximum 
thickness and is convex towards the vitreous cavity.’ 
In contrast to the extramacular reflex, however, this 
macular reflex displays an 'against' movement with 
respect to the condenser lens. The foveal pit fre- 
quently generates a third reflex, this demonstrating a 
small ‘with’ movement during shift of the condenser 
lens. The direction of movement of these reflexes is 
determined by the concavity or the convexity of the 
reflecting surface (vi). 

Alterations of the curvature with pathological 
retinal elevations cause either a shift of the retinal 
light reflexes (manifest as a readily evident ‘jump’ of 
the reflexes) or a reversal of the direction of move- 
ment at the site of the detachment (manifest as a 
contrasting counter movement of light reflexes with 
respect to those of the surrounding area). By moving 
the condenser lens sequentially in two or more 
meridians, the extent of the abnormal area of eleva- 
tion can readily be defined. 


Discussion 


RETINAL SURFACE LIGHT REFLEXES 

The ghistening light reflexes arise through reflection 
at the interface between the vitreous, with 1ts lower 
refractive index, and the internal limiting membrane 
of the retina." The surface reflexes are best seen at 
illuminating wavelengths of less than 540 nm (that is, 
red-free light) and become progressively more diffi- 
cult to see with monochromatic light of longer 
wavelengths. Above 600 nm the reflexes are, for 
practical purposes, invisible." The reflexes are 
generally of greater intensity in the fundi of young or 
hypermetropic persons and in darkly pigmented 
fundi, whereas detachment of the posterior vitreous 
face generally reduces them. 

Previous writers have concentrated on detailed 
descriptions of the morphology of the surface light 
reflexes, based often on painstaking and meticulous 
clinical observations; while frequently describing the 
reflexes as being ‘highly mobile and elusive',* 
possessing ‘constant movement,” or (erroneously) as 
‘shifting irregularly’ ,” the observers would appear to 
have failed to record the value of the motions of these 
shifting reflexes. Thus, a fine ‘granularity’ of the 
extramacular reflex, called Gunn’s dots,” has been 
attributed to the processes of Mueller's cells abutting 
on the internal limiting membrane, and the Weiss 
light reflex,” parallel to the nasal border of the optic 
disc, has been ascribed to the convexity of the neural 
fibres as they turn posteriorly to enter the optic disc. 
In addition the normal fundal light reflexes some- 
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Fig 4 Formation of the secondary image of the light source 
image (S) by the limiting rays AA‘ and BB' after specular 
reflection at the retinal surface of the eye under examination 
(notto scale). Cross-hatching represents the illuminating 
penals of rays. The secondary unage, represented by the 
unmarked dot, forms a real image in areas of concavity (a) 
and a virtual image in areas of convexity (b) During indirect 
ophthalmoscopy the secondary image in both cases will be 
perceived as an area of maximum retinal light reflex (M) on 
the retinal image (AMB) 


times show striations along the direction of the retinal 
nerve fibre layer. 


THE OPTICS OF SHIFTING RETINAL LIGHT 
REFLEXES 
The condensing lens during indirect ophthalmoscopy 
produces an image of the light source positioned 
approximately at the iris plane of the eye under 
examination (Fig. 3a). Displacement of the lens 
across the optical axis of the system is accompanied 
by a relatively greater lateral displacement of this 
image in the direction of lens movement (Fig. 3b). 
This image of the light source at the pupillary plane 
of the eye under examination may be regarded as a 
point source of light illuminating the retina. The 
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Fig.5 The loc of the secondary mage (small dots) during movement of the light source image (large dots) across the pupil of 
the eye undergoing indirect ophthalmoscopy The curved surfaces represent the retina (not to scale) The locus in (a) represents 
that of the major light reflexes from the concave surfaces of the normal eye In (b), a shallowing of the concavity is associated 
with an mage ‘jump’ at the edges of the lesion There wa reversal of image movement once the elevation becomes planar (c) or 
when tt is convex (d). In addition, there isa transient reduplication of the secondary images in these two phases (see text) 


specular reflections (arising from the mirror-like 
properties of the retinal surface) will produce a zone 
of bright reflex on the retina (AMB in Figs. 4a and 
4b), this reflex being greatest where the incident ray 
and its reflected ray coincide (points M in Fig. 4). As 
illustrated in Fig. 4a, the concave surface produces 
reflex highlights on the side of the retina opposite to 
that of the displacement of the light source (or lens). 
In contrast, the convex surface will have highlights on 
the same half of the retinal surface as that of the lens 
displacement (Fig. 4b). 

As the lens is moved across, so the light source 
image traverses the pupil and so the highlight moves 
across the retina ‘against’ the lens movement with a 
concave surface (Fig. 5a) and ‘with’ the lens move- 
ment for a convex surface (Fig. 5d) After allowance 
for the inversion of the retinal mage (and hence the 
light reflexes) as formed by the condensing lens, the 
net result is a ‘with’ movement of the reflexes (in 
relation to the condenser lens) for a concave surface 
and an ‘against’ movement for a convex surface. 


SENSITIVITY OF THE NEW CLINICAL TEST 
If an assumption is made of uniform concavity for the 


retinal surface, it is possible to describe a locus, 
during the movement of the condenser lens, of the 
point of maximal light intensity after reflection at the 
retinal surface. In clinical practice this image of the 
illumination forms a highlight on the retinal image. 
The apparent brightness of the light reflex is 
dependent on the proximity of the image of the light 
source and the retinal surface. 

A uniform concavity would be associated with a 
linear movement at the image plane (Fig. 5a). Small 


' degrees of retinal elevation, reducing the concavity, 


cause an image ‘jump’ at the edges of the lesion (Fig. 
5b); this ‘jump’, to an image plane remote from the 
retina, ts associated with a reduced intensity of the 
reflexes in the area of elevation. When the concavity 
is raised to a planar configuration (Fig. 5c), the locus 
can become more complex, having a mixture of both 
a ‘with’ and an ‘against’ movement. The former 
image results from the concave portion of retina and 
the latter from the planar (elevated) portion. The 
image formed by the planar surface is, because of 
its relative remoteness from the retina, of lower 
intensity than that from the concave (normal) retina. 
Indeed the author considers it probable that this 
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Tablei The central retinal elevation (ym) required to 
producea I°, a 5°, or a 10° ‘jump’ of the retinal surface light 
reflex at the edge of various diameters of retinal lesion. The 
derrvation of these values is detailed in the appendix, as are 
the assumptions made during the calculations 


Diameter of Elevation (ym) to cause an mage jump of 
lenon (run) —— 
r s 10* 

05 0-8 10 11 
10 27 3-9 42 
15 50 84 9-1 
2-0 76 14-1 15-8 
30 13-4 288 337 
40) 19-6 471 573 


Table2 The central retinal elevation (um) required to 
cause convexity of vanous diameters of retinal lesion in an 
eye of average dimensions 





Diameter of Minimum central elevation 
leson (mm) for convexity (um) 

05 26 

10 10-4 

15 235 

20 41-7 

30 941 

40 167.8 


reduced intensity of the light reflexes over areas of 
shallow retinal elevation contributes to the typical 
‘lustreless’, reflex-free, clinical a ce of 
macular oedema. Convexity (Fig. 5d) is associated 
with a marked image ‘jump’ and also a reversal of 
image movement. 

The new test proves to be extremely sensitive to 
small elevations of the retina (Appendix). A 1? 
'jump' subtended at the observer pupil in the 
pupillary plane represents approximately 0-37 mm of 
movement at the retinal plane in an eye of average 
dimensions. Such an image ‘jump’, of 1°, occurs with 
extremely small elevations of the retina—for 
example, with less than 1 jum at the centre of a lesion 
0-5 mm diameter and with 20 um for a lesion 4 mm 
across (Table 1). Similarly, elevation to convexity 
(with concomitant reversal of the light reflex move- 
ments) occurs, again, with shallow subretinal fluid— 
namely, with greater than 2-6 um central depth for a 
0-5 mm lesion and approximately 0-17 mm for a 
lesion of 4 mm diameter (Table 2) 


Appendix 


The magnitude of 'jump' as the principal ray crosses the edge of an 
area of retinal elevation can be calculated The case of the least 
degres of elevation s considered here, in which the elevation s very 
shallow and the raised area still concave. In practice, an elevation of 
such shape s infrequent, but such a calculation provides a useful 
guide as to the sensitivity of the new clinical test. 
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During indirect ophthalmoscopy the optics are equivalent to the 
entrance pupd of the observer lying at the uns plane of the patient In 
addition tbe centre of the observer entrance pupil bears a very close 
and almost constant relationship to the hght source image at thus 
plane, even with lateral displacement of the condenser iens Because 
of this constant relahonship between the light source mage (S in Fig. 
7) and the opcs of the observation system, the image ‘sump’ i4 
defined in this work as the angle subtended at the source rmage in the 
ins plane (angle Bm Fig 7) 





Fig 6 Geometry associated with a central elevation, e of 
the retina, from its original radius of curvature, r, to a new 
concavity with radius r' (and centres of curvature C and C' 
respectively) The geometry is discussed in the Appendix. 


With reference to Fig 6 
In nght-angled trangle CEG, 
r = (d2P+CG? 
or, CG = yr-d/4 
But, p = 1-CG 
oc, p= r- ye-a 
Aho, 0 = arcen (d/2r) 
In nght-angled triangle EFG, 
a = arctan (d/2s) 
or, a = arctan [d/(2(p—e))] 
In mosceles trangle C'EF, 
525180—2a 
In nght-angled trangle C'EG, 
nnd = dr 
or, r' = d(2mn 8) 
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Fig 7 Geometry associated with the calculation of the 
angular unage ‘jump’, B, occurring at the edge of an area of 
concave retinal elevation. Point S represents the light source 
image at the pupillary plane, I the secondary unage formed 
by specular reflection on the normal concavity of the retina, 
and I' the secondary image formed by the elevated retina. 
Further detail ts given in the Appendix 


Wut reference to Fig 7 
By the rule of mage formation in mirrors, 
U(v—-e) = Ar —1/(u—e) 

or, v = [ur +2e(u—r’ -e)/[2(u—e) ^r] 
where ‘e’ rs the central retinal elevabon (Fig 6). 
In right-angled triangle C'I'X, 

tan ð = hi(r'+e—v) 

h = (r'-Fe-v) tan ô 

In nght-angled triangle CSY, 

tan @ = a/(u—r) 

or, a ~ (u-r)tanO.. 


Eq.7 


In nght-angled triangle SUZ. 
tang = (u-v){h+a) 
or.$ = arctan [(u—-vY(h--a)] 
Finally, m tnangle CWS, 
ZI'WC = 8-8 
or, B» ZI'WC-8 
But, ZI'WC 290—$ (Because ZI"WC = ZI'WX) 
Thus, f = 90—9—0 


Eq8 


Eq9 


On the assumpbon that thc typical cyc has a radius (r) of 12 mm 
and that the puprllary planc lics approximately 3 mm central to the 
anterior pole of the cye (making ‘u’ approximmatcly 21 mun), then the 
image ‘jump’, $, can be calculated in terms of two other factors—the 
diameter of tbe rctmal clevation (d) and the degree of central 
clevabon (e) The angular image ‘jump’, B, grven by equation 9 5 
derved by sequentally solving cquations | to 8 
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Angiolymphoid hyperplasia with eosinophilia 
involving the lacrimal gland: case report 


H T COOK' anD N D STAFFORD? 


From the Departments of ' Histopathology, and °C Jtolarygology, St Mary's Hospital, London 


SUMMARY A case is described of a 25-year-old male who developed angiolymphoid hyperplasia 
with eosinophilia involving the tissue over the left parotid gland and subsequently involving the 
right lacrimal gland with proptosis. Treatment was by excision. 


Angiolymphoid hyperplasia with eosinophilia 
(ALHE) is an uncommon lesion which presents as 
one or more nodules involving the dermis or sub- 
cutaneous tissues mainly of the head or neck but 
occasionally at other sites.' It is characterised by 
lymphoid aggregates with germinal centres, tissue 
eosinophilia, vascular proliferation with typical 
plump endothelial cells, and variable fibrosis. In 
some cases blood eosinophilia is present. We report a 
case in which the initial presentation was with a 
swelling over one parotid gland with subsequent 
involvement of the contralateral lacrimal gland. 


Case report 


A 25-year-old male of Asian descent, but resident in 
the UK since birth, presented with a three-month 
history of a soft diffuse swelling in the region of the 
left parotid gland. The swelling was painless, and 
there were no other abnormalities on clinical exami- 
nation of the head or neck. A parotid sialogram was 
normal, and a diagnosis of a lipoma overlying the 
parotid gland was made. The swelling slowly 
enlarged over the following 10 months, and therefore 
à superficial parotidectomy was undertaken. By this 
time the patient had begun to develop slight swelling 
in the region of the right lacrimal gland. A differen- 
tial white blood cell count at this time showed 
66% neutrophils, 23% lymphocytes, and 11% 
eosinophils. 

Over the next nine months the swelling above 
the right eye increased and a marked proptosis 
developed (Fig. 1). There was no ophthalmoplegia, 
but the patient experienced considerable discomfort. 
A CT scan demonstrated the lacrimal gland swelling 


Correspondence to Dr H T Cook, Department of Histopathology, 
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Fig.1 There is downward displacement of the globe by 
swelling in the lacrimal region. 


and also swelling of the medial, lateral, and inferior 
rectus muscles of the right orbit (Fig. 2). Excision of 
the lacrimal gland was carried out. At operation it 





Fig.2. CT scan demonstrating mild proptosis and a mass 
above and lateral to the right globe. 
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Angiolymphoid hyperplasia with eosinophilia 





was found to be infiltrated by a mass arising from its 
anterior part. Some of the apparently normal gland 
was left in order to facilitate tear production, and the 
operation was followed by rapid resolution of the 
proptosis and associated symptoms. 

The patient was last seen 10 months after his 
second operation and had no evidence of any other 
swellings, either in the head and neck region or 
elsewhere over the body. 


PATHOLOGY 
The specimen from the parotid region consisted of 
part of the parotid gland and superficial fibrous tissue 
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Fig.3 Photomicrograph of 
lacrimal gland showing fibrosis and 
prominent lymphoid follicles with 
germinal centre formation. 
Haematoxylin and eosin, x45. 


measuring 9-0x4x 1-5 cm. The lacrimal gland speci- 
men was two pieces of light brown tissue measuring in 
total 3«0x2-0x0-6 cm. Histologically the two speci- 
mens showed similar features which in the parotid 
specimen were predominantly in the tissue superficial 
to the parotid gland, while the deeper part ofthe gland 
was unaffected. In the second specimen the changes 
were seen within the lacrimal gland with extension 
into the surrounding connective tissue. In both 
specimens there was marked fibrosis and prominent 
lymphoid follicles, most of which contained germinal 
centres (Fig. 3). Within the fibrous stroma were many 
lymphocytes, eosinophils, and mast cells and con- 


Fig.4 Photomicrograph of an 
area of vascular proliferation within 
the lacrimal gland. Note the vessels 
lined by plump endothelial cells 
(arrows) and the lymphocytic 
infiltration. Haematoxylin and 
eosin, X 190. 
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siderable capillary proliferation. Many of these pro- 
hferating vessels were lined by plump endothelial 
cells with large vesicular nuclei (Fig. 4). In occasional 
areas cells of this type were forming small aggregates 
with no apparent lumen. The appearances in both 
specimens were those of angiolymphoid hyperplasia 
with eosinophilia. 


Discussion 


ALHE was first reported in 1969.7 It is closely related 
to Kimura’s disease,’ an entity which has been mainly 
described in China and Japan, and it has been argued 
that Kimura's disease is part of the spectrum of 
ALHE.'** Others, however, have emphasised the 
differences, pointing out that Kimura's disease has 
different clinical and pathological characteristics. In 
particular Kimura's disease is said to affect predomi- 
nantly young males with a high incidence of blood 
eosinophilia and histologically to show more fibrosis 
and fewer distinctive endothelial cells. It seems 
probable that the degree of fibrosis may depend on 
the duration of the disease before biopsy. 

In a report of 116 patients with ALHE submitted to 
the Armed Forces Institute of Pathology! the 
anatomical sites of the lesions were face and scalp in 
100, trunk 4, extremities 12, and miscellaneous 2. In 
only one case was the diagnosis made preoperatively. 
Hidayat et al.* have reported eight cases of ALHE 
involving the orbit; in none of these cases was the 
tumour said to involve the lacrimal gland. Eisenberg 
and Lowlicht' have reported a case similar to ours in 
a 34-year-old female who presented with ALHE 
involving the right cheek and subsequently 
developed lacrimal gland involvement. 

The consensus is that ALHE is a reactive inflam- 
matory process, and the presence of eosinophils and 
occasional blood eosinophilia has led to speculation 
that it represents in an infectious or allergic process 
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or a response to parasitic infection. No parasites or 
micro-organisms have ever been described within the 
lesions. Fernandez et al.’ have demonstrated the 
presence of renin-containing cells in some cases of 
ALHE and speculate that it may have an angiogenic 
role. Staining with a polyclonal antibody to human 
renin was negative in the present case. 

ALHE can be successfully treated by local 
surgery, though complete excision may be difficult.’ 
In addition radiation therapy has been effective’ and 
intralesional injections of corticosteroids have been 
successful in some cases. 


Professor E Wilson Jones and Dr R W Cox are thanked for advice on 
the histology of this case 
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Unilateral proptosis as a clinical presentation in 
primary angiosarcoma of skull 


SAMRUAY SHUANGSHOTI,’ PRACHA CHAYAPUM/ 
NITAYA SUWANWELA, AND CHARUS SUWANWELA! 


From the ! Departments of Pathology, ' Surgery, and ' Radiology, Faculty of Medicine, Chulalongkorn 
University, Bangkok, Thailand 


SUMMARY A case is reported of unilateral proptosis of the left eyeball as a unique clinical 
presentation of primary angiosarcoma of the skull involving the sphenoid and frontal bones and 
roof of the orbit on the left side of a 32-year-old man. The intraosseous, extradural non- 
encapsulated, and fnable tumour contained cytoplasmic factor VIU-related antigen. After 
complete removal of the tumour the patient has been well for 10 months of the follow-up period. 
This case brings the total number of reported primary angiosarcomas of the cranium to nine. All 
patients were male and most of them were young. The average age was 24 years. The frontal bone 
seems to be the site of predilection for cranial angiosarcomas. Surgical extirpation, radiation, or 
combined surgical removal and radiation have been used for treating angiosarcoma of the skull 
with variable results. It is suggested that angiosarcoma of the skull has a worse prognosis than 
angiosarcoma of bones other than the cranium because the patient may die of secondary neoplastic 


involvement of the brain. 


Primary new growths of the cranial bones constitute 
only 2-696 of 500 primary bone tumours in one series! 
and 2-4% of 1610 primary bone neoplasms in another 
collection.? Angiosarcomas are extremely rare 
among primary malignant tumours of the skull; only 
eight acceptable cases have appeared in the htera- 
ture ™ In this communication we report an intra- 
osseous angiosarcoma involving the sphenoid and 
frontal bones as well as the roof of the orbit and 
causing unilateral exophthalmos. The latter becomes 
a unique clinical presentation. for angiosarcoma 
arising in the cranium. 


Case report 


A 32-year-old man was admitted to hospital because 
of progressive left proptosis without other associated 
symptoms or signs for one year. 


EXAMINATION 
With a slit-lamp the left eye was 15 mm compared 
with 12 mm for the right eye by measuring from the 
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Orbital rim to the most anterior aspect of the cornea. 
Ocular movements were normal bilaterally Each 
pupil, 2 mm in diameter, was reactive to light. Visual 
acuity, visual field, eye ground, and the rest of the 
physical examination were unremarkable. 

A plain x-ray of the skull showed destruction of the 
lesser wing of the sphenoid bone and posterior wall of 
the orbit on the left side. Computed tomographic 
(CT) scans of the cranium gave the following findings 
on the left side: proptosis, and destruction and 
expansion of the sphenoid and frontal bones in 
relation to an enhanced lesion which appeared to 
extend into the orbit (Figs. 1A, B). 


OPERATION 

A left frontotemporal craniotomy disclosed an intra- 
osseous, extradural, non-encapsulated, highly 
vascular, and friable tumour involving the lesser and 
greater wings of the sphenoid bone, frontal bone, and 
roof of the orbit. It was firmly adherent to the 
adjacent dura mater. A small part of the lesion was 
also adherent-to the superior aspect of the bulbar 
fascia of the left eyeball. The entire neoplasm was 
removed alo g with the affected parts of bones, 
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Fig. | 
sphenoid and frontal bones on the left side with involvement of the diploic space. B: The enhanced mass extends into the 
posterolateral part of the left orbit. 


bulbar fascia, and dura mater. The dural defect was 
grafted with temporal fascia. There was profuse 
bleeding, which required 10 units of blood for 
transfusion. The adjacent part of the brain was free 
from tumour infiltration. The patient recovered 
uneventfully. 


PATHOLOGICAL EXAMINATION 

Multiple pieces of haemorrhagic tissue with frag- 
ments of bones, about 2-5 ml in combined volume, 
were fixed in 10% formalin. The largest fragment of 
tumour, 2:5 cm in greatest dimension, was attached 
partly to dura mater; it had a spongy cut surface. 
These tissue fragments were embedded in paraffin 
and stained with haematoxylin and eosin (H-E). 
Gomori's silver impregnation for reticulin fibres was 
also done. Moreover, the peroxidase-antiperoxidase 
(PAP) indirect immunohistochemical method was 
used on paraffin-embedded tissue sections for locali- 
sation of factor VIII-related antigen, a protein 
synthesised primarily by endothelium,"^" in the 
tumour cells. A fragment of the spleen was similarly 
processed as a control. 

Microscopically the lesion was a highly vascular 
neoplasm invading bone and dura mater (Fig. 2). 
Neoplastic blood vessels were lined by plump cuboid- 
to-ovoid endothelial cells having pleomorphic and 
hyperchromatic nuclei. Scattered individual vessels, 
anastomosing vascular channels, and papillary 
formations were noted (Fig. 3). Nevertheless large 
blood-filled spaces lined by endothelial cells that 


CT scan of skull. A: Plain CT scan at the base of the cranium shows destruction and expansion of the lesser wing of the 





were not strikingly atypical were also observed. The 
stroma between recognisable blood vessels was com- 
posed of loose myxomatous tissue that contained 
stellate cells as well as elongate or spindle-shaped 
cells (Fig. 4A) and neoplastic cells similar to those 
lined the vascular channels. These extravascular 
tumour cells tended to be in clusters or disseminated 
individually (Fig. 4B). Gomori's silver impregnation 
disclosed that the tumour cells were within the 
reticulin sheath of the vessels in the area where 
vascular spaces were present (Fig. 4C). Reticulin 
fibres also surrounded clusters of the neoplastic cells 
in the zone where the tumour cells were grouped 
within the myxomatous matrix (Fig. 4D). Encircling 
of the argyrophilic fibres round the individual tumour 
cells was not seen. Factor VIII-associated antigen 
was often present in the cytoplasm of the tumour cells 
that lined the vascular lumina and in the myxomatous 
stroma (Fig. 5). Hence the endothelial nature of the 
tumour cells was confirmed immunohistochemically. 

The pathological diagnosis was an angiosarcoma 
involving the sphenoid and frontal bones and roof of 
the orbit on the left side and invading the adjacent 
dura mater and superior aspect of the bulbar fascia of 
the left eyeball. 


POSTOPERATIVE COURSE 

The patient was discharged 17 days after admission to 
hospital. CT scans of the skull one month and nine 
months after surgical intervention revealed no 
evidence of tumour. There was a decrease in the size 
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Fig. 2 


Invasion of angiosarcoma into bone and dura mater, A: The angiosarcoma invades bone trabecula (upper 


arrowhead) and dura mater (lower arrowheads) (H-E, X44). B: The area indicated by the upper arrowhead in A demonstrates 
focal invasion of the tumour cells into the edge of the bone trabecula (H-E, x348). C: The region indicated by the left lower 
arrowhead in A exhibits infiltration of the neoplastic cells into the dura mater (H-E, x 348). 


of the shadow of soft tissues at the operative site. The 
left exophthalmos was improved. The patient could 
perform his daily work as usual. 


Discussion 

GENERAL CONSIDERATIONS 

The term ‘angiosarcoma’ as used here is regarded as 
synonymous with the following terms found in the 
literature: angioendothelioma, malignant angioma, 
angiofibrosarcoma, haemangioblastoma, angioblastic 


sarcoma, malignant haemangioendothelioma, 
haemangioendothelioblastoma, malignant angio- 
blastoma, haemangioendotheliosarcoma, intra- 


vascular endothelioma, malignant endothelioma, 
and malignant bone aneurysm." * 

Anastomosing vascular channels lined by pleomor- 
phic endothelial cells which often form papillae are 


diagnostic of angiosarcoma." * These histopathologi- 
cal features were also seen in our patient's tumour. 
Moreover, the endothelial nature of the tumour cells 
is further confirmed by localisation of cytoplasmic 
factor VIII-related antigen. Hence the pathological 
diagnosis of the angiosarcoma is considered as 
unequivocal in our case. 

The main intraosseous position with minimal infil- 
tration of the bulbar fascia, as noted surgically, 
makes us conclude that the current angiosarcoma is 
primarily intraosseous, with secondary invasion into 
the superior aspect of the bulbar fascia. It is hard to 
imagine reciprocally that a small primary angio- 
sarcoma of the latter will extend widely to become an 
intraosseous lesion within the sphenoid and frontal 
bones as well as the orbital roof. A lesion of bones 
forming the orbit may cause proptosis. 
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Fig.3 Histopathology of angiosarcoma (H-E, x 337 each). A: Blood vessels are lined by neoplastic endothelium with 
pleomorphic and hyperchromatic nuclei. B: Anastomosing cords of pleomorphic endothelial cells are shown. C: Papillary 
formations of endothelial tumour cells are shown. 


DIFFERENTIAL DIAGNOSIS 

The present angiosarcoma of bones must be 
distinguished from such lesions as meningioma, 
haemangiopericytoma, and primary intravascular 
papillary endothelial hyperplasia. Attachment to the 
dura mater, bony invasion, and papillary formations 
suggest that the tumour is a meningioma, especially 
the papillary type. However, the absence of the 
tumour capsule, meningocytes, cellular whorls, and 
intranuclear vacuoles, and the presence of cyto- 
plasmic factor VIII-related antigen in the tumour 
cells exclude a meningioma." We also do not 
consider our patient's tumour to be a haemangioperi- 
cytoma of the meninges" or of the orbit." The 
absence of reticulin fibres round individual tumour 
cells is not a feature of haemangiopericytoma. More- 
over, the neoplastic cells were mainly intravascular 
rather than perivascular. Hence they were not peri- 


cytes. According to Nadji et al." tests for factor VIII- 
associated antigen are persistently negative in cells of 
haemangiopericytoma. 

Primary intravascular papillary endothelial hyper- 
plasia may mimic an angiosarcoma."^ However, 
the endothelium in this condition is benign, as the 
name ‘hyperplasia’ implies. Although the overgrown 
endothelium in this condition may form intra- 
vascular papillae, it lacks nuclear pleomorphism. By 
contrast, the current lesion had endothelium that 
showed pleomorphic nuclei and invaded the sur- 
rounding tissues. Hence the lesion should be named 
as angiosarcoma rather than as primary intravascular 
papillary endothelial hyperplasia. 


BRIEF REVIEW OF LITERATURE 
To our knowledge 12 angiosarcomas of the skull have 
been reported. ™ “== However, four of them are 
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myxomatous matrix of the tumour (H-E, X886). B: The tumour cells are clustered in the loose myxomatous stroma (H-E, 
X354). C: Reticulin fibres surround blood vessels that are lined by neoplastic endothelium. Some blood vessels are partly filled 
by endothelial cells (Gomori's silver impregnation, * 354). D: Clusters of the tumour cells in the myxomatous matrix are 
surrounded by a few argyrophilic fibres (Gomori's silver impregnation, x 354). 


excluded herewith because of inadequate patho- 
logical confirmation of the lesions." ^-* Thus nine 
angiosarcomas of the cranium including our case are 
considered in this discussion.** The youngest patient 
was 3 months old’ and the oldest was 50 years.” Most 
patients were young. Three were children less than 8 
years old." The average age was 24 years. All 
persons were male. A local mass or swelling was the 
usual clinical presentation. Only our patient pre- 
sented with unilateral proptosis. 

The tumour involved the frontal bone in four 


41-9 


cases," ™ parietal bone in two cases," temporal bone 
in one case,' sphenoid and frontal bones as well as the 
orbital roof in one case (current patient), and maxilla 
in one case.* Thus the frontal bone seems to be the 
favoured site for angiosarcomas of the skull. 
Resection, radiation, or combined resection and 
radiation were frequently used in treating the angio- 
sarcomas of the cranium, with variable results. 
Surgical treatment seems to give encouraging results 
in some patients, in that they have been alive for 27 
months’ and 3'4 years,” but one patient died post- 
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arrowheads point toward a row of endothelial cells that show weak positivity for factor VIII-related antigen in the perikaryon. 
B: A neoplastic blood vessel with endothelial cytoplasm of strong positivity for factor VIHT-associated antigen lies within the 
loose myxomatous matrix. C: Neoplastic endothelial cells with strong positivity for cytoplasmic factor VIHT-related antigen are 


disseminated randomly in the loose myxomatous interstitium. 


operatively. A boy who received high doses of 
radiation for primary and recurrent angiosarcomas of 
the frontal bones has been well for 12 years," but 
another boy lived only 9-5 months with radio- 
therapy.' Chow eral.’ believed that a 21-year-old man 
who had had an angiosarcoma of the frontal bone was 
cured by combined radiation and resection. The 
patient first had a biopsy and a course of radiotherapy 
totalling 6000 cGy over a six-week period. Seven 
months later he underwent resection, when the 
tumour site including the surrounding bone and dura 
mater was removed en bloc. Pathologically, only 
fibrosis and suture granuloma were seen.’ Neverthe- 
less we believe that angiosarcoma of the skull may 
have a worse prognosis than angisarcoma of bones 
other than the cranium, because the tumour may 


secondarily involve the brain and the patient dies 
with increased intracranial pressure, as did the boy 
reported on by Kinkade.' 


Professor Samruay Shuangshoti is in receipt of a grant from the 
Medical Section, Anandhamahidol Foundation, 1985-58, Bangkok, 
Thailand. 
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Book reviews 


New Microsurgical Concepts: Posterior and Anterior 
Segments. Eds. J DRAEGER AND R WINTER Pp. 206. 
DM 216-00. Karger: Basel. 1987. 


It zr now 22 years since the International Ophthalmic 
Microsurgery Study Group (IOMSG) met for the first time 
as a satellite mecting of the International Ophthalmological 
Congress of 1966 The importance and success of that first 
meeting was, as Roper-Hall describes in hrs opening intro- 
ductory paper of this book, ‘catalytic in establishing 
ophthalmic microsurgery’. Mectings of the IOMSG have 
been held every two years, and the transactions of the group 
have becn published by Karger in their continuing series 
Advances in Ophthalmology and now Developments in 
Ophthalmology. This book ts a record of the proceedings 
of the twentieth anniversary meeting of the IOMSG 

A wide range of topics are covered, loosely grouped into 
posterior segment. lasers, cornca. and cataract and 
glaucoma microsurgery. There are two invited. review 
papers, one on clinically applied siltcones and the other on 
the uses of laseis for microsurgery, which are interesting 
reviews of the subjects Whereas these two invited articles 
are reproduced in full, the remaining scientific papers which 
make up the bulk of this book havc apparently been 
severely edited It scems that every author has been limited 
to only a few pages, and this condensation has taken place at 
the expense of data and statements of scientific method, the 
authors’ conclusions appear therefore to be unsubstantiated 
by facts. Furthermore, these papers have apparently neither 
been refereed nor read or checked by a native English 
speaker. No doubt many of the papers were presented to 
this lively mecting of distinguished ophthalmologists with 
the aim of provoking argument and discussion, but the 
reader is left without the privilege of hearing their critical 
response. These many shortcomings and the high price of 
216 DM (approximately £70 sterling) make it hard to 
recommend this slim volume. BRUCE NOBLE 


Complications in Modern Ophthalmic Surgery. 
Edited by I Srremper Pp. 156. £58.20. Karger: 
Basel. 1987 


This is a festschnft in honour of Professor Wolfgang 
Straub, and 1s based on the proceedings of a symposium 
which was convened in his honour in Marburg on 18 January 
1986 The 19 contributions cover most aspects of ophthal- 
mic surgery including lid, anterior segment, vitreoretinal, 
and strabismus procedures The standard and the scientific 
contents of individual contributions vary widely, ranging 
from a sumple review of the literature such as in the chapter 
on complications of posterior chamber implantation to the 
presentation of detailed results of research studies The 
latter 1nclude reports on tissue changes induced by intra- 
ocular lenses, and keratopathy following pars plana 
vitrectomy with silicone ol Finally there are chapters which 
concern themselves with new surgical techniques, omitting 
the topic of complications altogether. 

Given the vanety of the topics it 1s difficult to know who 


this publication 1s auned st, though undoubtedly most 
readers will find something of interest in it ZJGREGOR 


Stereoscopic Atlas of Macular Diseases: and 
Treatment. Vols. 1 and 2 3rd Edn. By J DonaLD M 
Gass. Pp. 801. £160-00. Blackwell: Oxford 1987. 


The third edition of this popular textbook, written by the 
world authonty on the subject, reflects the author's astute 
powers of observation and his vast experience in the 
management of macular discasc There are two volumes 
presented in a box and each has a comprehensive and 
reliable index In place of the ‘suggested readings’, which 
appeared at the end of cach chapter in the previous cditions 
there is a reference system which substantially increases the 
value of the book A new chapter on interpretation 
of fluorescein angiography is clearly presented after the 
chapter on the normal macula, providing an excellent 
introduction. The colour sterco-wheels are maintained and 
extended, though the reader must find his own viewer In 
addition some prints of sterco-angiograms arc included, 
perhaps these arc too small to be fully appreciated. 

An important feature of thrs atlas is the striking amount of 
text, particularly detailed clinicopathological analysis, such 
as is applied to choroidal neovascularisation The author's 
eye for detail is reflected in subdivision of certain disorders, 
such as parafoveal telangicctasis Only rarely, as with 
discussion of uveal effysion syndrome, does repetition 
occur or the anecdotal nature’ of some of the text detract 
from the facts Chapter 7, on inflammatory diseases of the 
retina and choroid, covers a wide range from sarcoidosis to 
rarities such as gnathostomiasis. AIDS and opportunistic 
infections are included, and an update is grven on treatment 
The chapter on pigment epithelial and retinal toxicity is 
succinct and refers to the recent finding of desfernoxamine 
maculopathy The final chapter on laser photocoagulation is 
thoroughly practical and covers some controversial issues, 
such as the treatment of pigment epithelial detachments. 

This ts an excellent book which presents significant new 
information as part of a comprehensive account of macular 
disease. Although the price is for specialists, it is not 
excessive by modern standards. The text should ideally be 
easily accessible to all ophthalmologists, preferably securely 
chained to a wall. CAROLLANH 


Note 


Dermot Pierse lecture fund 


The 5th Dermot Pierse lecture will be grven by Professor 
Louis A Wilson (Atlanta, Georgia, USA) in the Barnes 
Hall, Royal Society of Medicine, on 14 September 1988. 
The title of his paper will be 'Infection of the outer eye: a 
changing spectrum.' The lecture will start at 1845 and be 
preceded by wine and canapés from 1800 Further informa- 
tion from Dr H Jonathan Kersley, 80 Harley Street, London 
WIN 1AE. 
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Prevalence and causes of blindness in the Northern 
Transvaal 


PIUS J M BUCHER’ AND CAREL B IJSSELMUIDEN? 


From the Department of Ophthalmology, Elim Hospital, and the? Department of Community Health, 
University of the Witwatersrand, Johannesburg and Elim Hospital, South Africa 


SUMMARY During November 1985 a survey was carried out to determine the prevalence and 
causes of blindness in the Elim Hospital district of Gazankulu in the Northern Transvaal, South 
Africa, and to assess the Eye Department's effectiveness in preventing blindness. Using a random 
cluster sample technique, we screened 18962 of the estimated 71200 inhabitants of the district 
(26:696). We found 109 blind people. The prevalence of blindness was 0-5796 (95% confidence 
interval 0-46% —0-68% ). The main causes of blindness were senile cataract (5596), corneal scarring 
due to trachoma (10%), uncorrected aphakia (9%), and open-angle glaucoma (696). There were 
14 aphakic blind persons who did not have apliakia glasses (43% of all persons operated on for 
cataract). Women had a significantly higher prevalence of blindness than men. After the age of 60 
years the prevalence of blindness increased sharply. Women were 1-6 times less likely to have 
undergone cataract surgery than men. The two most effective steps to reduce the prevalence of 
blindness in the Elim district further are to provide aphakia glasses to all aphakic patients and to 


improve the accessibility of the Eye Department’s surgical services. 


The district served by the Elim Hospital is part of the 
Gazankulu ‘homeland’. It is situated in the far 
northern part of the Transvaal Province of South 
Africa, just north of the tropic of Capricorn at an 
altitude of approximately 600 m above sea level. The 
summers are hot and winters are cool. The average 
rainfall is approximately 500 mm per year, 80% of 
which falls in the summer months.' 

The Elim district’s population is approximately 
71200 people.'? The rate of natural increase is an 
estimated 3-096, and 53-696 are younger than 15 
years of age. Only 3-596 of the population are 65 
years of age or older.' Owing to the migrant labour 
system over 7096 of men in the economically active 
age groups are absent for most of the year.’ 

The population of the Elim district live in 21 weil 
defined villages. Motorised transport is available but 
expensive. Water is scarce and must be collected 
from communal standpipes or rivers. The average 
cash income for a family of four persons is estimated 
at R50-150 per month. (The price of a month's 
supply of maize meal, the local staple food, is R40.) 
There is early and late childhood malnutrition, while 

to Pius J M Bucher, MD, Augenspital, Mittlere 
Strasse 31, CH-4056 Basel, Switzerland 


there is no (anthropometric) undernutrition in 
adults.** It is estimated that 40% of women and 60% 
of men over the age of 20 years are literate.' 

The ophthalmic services at the Elim Hospital have 
a long history.‘ The Ophthalmic Hospital at Elim is 
sufficiently equipped to deal with the diagnosis and 
treatment of most common eye conditions. Lid and 
orbit operations as well as extra and intraocular 
operations of the anterior segment can be performed. 

The Elim Blindness Prevention Programme was 
started in 1972, and it consists of three interrelated 
activities. Preventive and promotive care is mostly 
provided by the volunteer Care Group (CG) 
members in all villages of the Elim Health Ward.’ 
Curative care is given in the Eye Hospital and the 
mobile clinics by ophthalmologists and ophthalmic 
nurses. Rehabilitation is provided by an occupational 
therapist and a mobility trainer.'' 

Most information on the occurrence of blindness in 
Africa is based on hospital record reviews.?" 
Hospital data are not likely to be representative of 
the pattern of eye diseases in a population, since 
geographical, cultural, socioeconomic, and political 
factors may all influence hospital usage." 

Available data on blindness in the Northern 
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Transvaal is also limited. Earlier studies either were 
done more than 30 years ago?" or were concerned 
only with a specific cause of blindness,” or were only 
hospital based.” lating from hospital records, 
Sutter estimated that blindness prevalence in the 
Northern Transvaal was 1:5—2-096 .** 

The purpose of this study was to assess accurately 
the prevalence and causes of blindness in the Elim 
Health Ward. A secondary aim was to develop a 
hypothesis regarding the relation between the 
surgical activities of Elim's Eye Hospital and the 
prevalence of blindness in the Elim Health Ward. 
This last aim would have to be achieved without the 
availability of baseline data and without reference to 
a control area owing to the absence of prior com- 
munity based research and lack of resources respect- 
ively. This study was conducted during November 
1985. 


Population and methods 


Seven of the 21 villages in the Elim district (Fig. 1) 
were randomly selected, and all permanent residents 


ELIM HEALTH WARD 


Hospital 


SOUTHERN AFRICA 


Fig.1 Composite map of the Elim district Study villages 
are indicated with solid dots. 
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(that is, excluding migrant workers) were included in 
the study sample. 

In the first stage of this survey CG members visited 
all houses in the seven selected villages. They 
checked the vision by asking people to count fingers 
at a distance of five large steps (this is always more 
than 3 meters) with both eyes open, wearing their 
own glasses (if any), outdoors in daylight. They also 
asked for persons who had had eye operations and for 


` young children with ‘problems of vision’. The names 


of all people who failed the finger counting test or had 
had eye surgery, and the names of all children with 
suspected vision problems, were recorded. Persons 
not present at the time of the CG member's visit were 
to be revisited on at least one occasion. 

During the six weeks prior the survey the CG 
members were trained by hospital staff. Their com- 
petence was assessed by means of role plays. During 
the survey the CG members were supervised on a 
part-time basis. 

In the second stage of the survey two'to four days 
after completion of the screening the ophthalmic 
team (OT) visited the selected villages. The OT 
comprised an ophthalmologist, two ophthalmic 
nurses, a care group motivator, and an ambulance 
driver, and was based at a local school or clinic. To 
increase coverage further all local officials (teachers, 
headmen, clinic sisters, and community health 
workers) were also informed about the survey and 
were requested to bring anyone with suspected vision 
problems to the OT. All recorded, referred, and 
‘self-reporting’ persons were screened by the OT. 
Persons whose names were recorded but who were 
not present at the time of the OT's visit were traced 
one or two days later. People who were not able to 
come to the OT were examined at their homes. 

In this second screening phase people unable to 
count fingers at a distance of 3 meters (equivalent to 
visual acuity 3/60) or less were identified as blind." ^ 
These, together with all persons who had had an 
operation, constituted the final study group. Their 
personal and ophthalmic history was taken, and their 
socioeconomic status was assessed. The subject's 
visual acuity was tested for each eye, with and 
without correction, by Snellen charts. The anterior 
segment was examined with a torch and 5 times 
magnifying binocular glasses. The posterior segment 
was examined by direct ophthalmoscopy, and the 
intraocular pressure measured by Schigtz tonometry. 
The visual acuity of aphakic eyes was determined 
with standard spheric correction, that is, +10, +11, 
or +12 dioptres. 

Glaucoma was diagnosed by an intraocular tension 
above 21 mmHg and a glaucomatous excavation of 
the papilla. Owing to the limitations of the examina- 
tion methods employed under field conditions we 
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could differentiate only between open-angle (deep 
anterior chamber), narrow-angle (shallow anterior 
chamber, clinical signs of acute glaucoma attacks), 
and secondary glaucoma (trauma, cataract opera- 
tion). 

Classification of blinding diagnoses was done as 
recommended by the WHO." The most probable 
cause of blindness for each eye was established as 
recommended by the National Society for the 
Prevention of Blindness in the USA.* Persons who 
had different causes of blindness for each eye were 
classified according to the most recent eye becoming 
blind.'*" 

For reasons indicated in the discussion the study 
sample was treated as if it was the result of a random 
sampling procedure. The effects of clustering were 
therefore not taken into consideration when statis- 
tical calculations were done. Differences between 
two proportions were assessed by the standard 
formula. To assess differences in overall blindness 
prevalence in males and females, age adjusted rates 
were calculated from the total study sample as 
standard population. However, the male-female pre- 
valence difference is not constant in all age groups, 
and the age adjusted rates are therefore only a crude 
measure of true prevalence. 

In this article we differentiate between 'refractive' 
blindness, which is treatable by proper correction of 
the refractive error, and 'non-refractive' blindness, 
which includes all other causes of blindness. Effective 
blindness includes both ‘refractive’ and 'non- 
refractive' blindness. 


Results 


The estimated population of the seven selected 
villages combined was 18 962 persons, which is 26-696 
of the total population of the Elim district. 

The number of people identified by the CG 
members was 281, of whom 270 (9696) or more (some 
might have used other names) were subsequently 
seen by the OT. An additional 151 persons were 
referred by village officials or were self-reporting. 

In total 172 people were included in the final study 
group, of whom 138 (8096) were identified by the 
CG. Of the 172 study subjects 109 were blind and 63 
were not blind but had had an eye operation. 

The prevalence of effective blindness in the Elim 
district was 0-5796 (9596 confidence interval 0-4696 — 
0-6896). The prevalence of 'non-refractive' blindness 
alone was 0-5096 (95% confidence interval 0-4096 — 
0-6096). 

Women were significantly more affected by blind- 
ness than men (p<0-0001) (Table 1). The prevalence 
of blindness rose sharply after the age of 60 years in 
both sexes (Table 1). The average age of blind 
persons was 69-4 years (SD 15-3 years) The differ- 
ence in the average age between males (65-2 years, 
SD 22:3 years) and females (71-1 years, SD 11-6 
years) was not statistically significant. 

The most common causes of bilateral blindness in 
the Elim district were senile cataract (5596), corneal 
scarring due to trachoma (10%), uncorrected 
aphakia after cataract surgery (9%), and open-angle 
glaucoma (6%) (Table 2). No proper diagnoses and 


Table1 Distribution of population and blindness by age and sex 











Population Elm Health Ward* Blindness 
Sex (%) Total Cases Prevalence (%) 

Age 
group Males Females a (%) Mates Females Total Mates Females Total 

0-4 99 10-3 14377 202 1 1 0 05 0-03 

5-9 91 9-1 12953 18 2 
10-14 7-6 76 10817 152 1 1 007 003 
15-19 42 54 6830 96 1 1 0-10 0 06 
20-24 16 47 4481 63 1 1 0 33 0 08 
25-29 11 45 3982 56 
30—34 09 34 3057 43 
35-39 09 30 2ZTA 3-9 1 I 2 0-60 017 027 
40-44 08 2-4 zn 32 1 1 064 0 16 
45—49 09 2-3 zm 3-2 
50-54 07 18 1775 25 1 3 4 0 69 0-89 0 83 
55-59 0-7 17 1704 24 1 1 2 073 0-32 044 
60—64 06 14 1419 20 1 8 9 0-85 3.18 2-43 
65-69 0-5 08 921 13 4 16 20 423 10 91 831 
70—74 04 06 707 10 4 16 20 5-60 1278 10-14 
75+ 0-4 08 849 12 14 3 47 16-42 22:33 20-15 
Total 405 59-5 71190 100-0 30 7 109 
Crude prevalence 039 0-70 057 
Age adjusted blindness prevalence 0 44 0-64 


*Excluding migrant workers. Institute of Development Studies ' 
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Table2 Aetnology of blindness 
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Aetiology WHO code, chnical entry 


Infection 
271 0 Corneal scar (trachoma) 1 
369 0 Undefined blindness (both eyes) (trachoma) 


Injury 
365.6 gtaucoma (trauma) 
377.1 Optic nerve atrophy (trauma) 1 
369.0 Undefined blindness (both eyes) (trauma) 1 
Neoplasm 
Systemic 
271.0 Corneal scar (vitamin A deficiency) 2 
craton 
371.4 Corneal, degeneration (cataract operabon) 
371 6 Keratoconus 
366 1 Senile cataract 13 
379 3 Aphakia (dislocation of the lens) 


379 3 Aphakia (cataract operation) 4 
363.4 Chorosd degeneration 1 
362.5 Drusen maculopathy 1 
365.1 4 
379.2 Vitreous opacities (cataract operation) 
Prenatal infinence 
743.1 Microphthalmos 1 
Cause not known 
360.4 Phthizxzs bulb: 
271 0 Corneal scar 1 


377.1 Optic nerve atrophy 
369 0 Undefined bimdness (both eyes) 
Total 30 


Males 





m" 
Ww 


marae 
vunn onum 
o 
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o 
3 
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aetiology could be established in four persons (4%). 
In 41 blind persons (38%) a different aetiology in 
each eye was found. The relative importance of the 
causes of blindness was not affected by classification 
on eyes as compared with classification on persons. 
The difference in prevalence of senile cataract 
between men and women was not statistically signifi- 
cant (p=0-14). Men were 1-6 times more likely to 
have been operated on for cataract (p=0-0455). Only 
37% of persons blinded by senile cataract were 
operated on (Table 3). Blindness due to trachoma 
was Virtually confined to women over the age of 65 


Table 3 Distribution of blinding senile cataract and 


Males Females Te 
(nm=26) (n=64) (n=90) 
Not operated on 13 50% 44 O% 57 63% 
( 13 50% 20 31% 33 37% 
Bind (with glames) 0 0% 3 5% 3 3% 
Not bind with giasees 11 42% 13 20% 24 IT% 
Have no gissecs* 4 15% 9 14% 13 15* 
Have own glasecs 7 21% 4 6% 11 12% 
Not blind without glasses 2 8* 4 6% 6 T% 


*Three of these persons were clesufied with another cause of 
blindness then aphakia. 


years. Of all persons operated on for entropion 92% 
were women. The prevalence of blindness and the 
number of operations due to glaucoma was similar in 
males and females. 

There were 17 study subjects who had had a 
cataract operation and were not blind, 14 with a 
prévious entropion operation and seven with a 
previous glaucoma operation who were not blind in 
the operated eye but blind in the other eye. On the 
assumption that at the time of the survey these 
persons would have been blind without operatiqn the 
total number of blind persons in our study sample 
would have been 147 and the blindness prevalence 
0:77% (9596 confidence interval 0-6496—0-9096). 
Compared with the actual blindness prevalence the 
effect of the ophthalmic surgical activities on the non- 
refractive and effective blindness prevalence in the 
Elim area has at best been a reduction of 2696 and 
3596 respectively. 

However, on the assumption that at the time of this 
study all persons at present blind from senile catar- 
act, entropion (trachoma), and glaucoma would not 
have been blind if they had had eye surgery, the 
number of blind persons in our sample would have 
been only 20. The blindness prevalence would then 
have been 0-11% (95% confidence interval 0-06% — 
0-16%). Therefore only 30% of cases of blindness 
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which could have been prevented or cured by an 
ophthalmic operation were in fact reached. 


Discussion 


To obtain reliable estimates of the blindness preval- 
ence in the Elim population 18962 people were 
screened. The screening of such a large number of 
people with only a few health professionals was 
possible only with the help of volunteer health 
workers (CG). The time and organisation needed to 
prepare them adequately for this survey forced us to 
keep the number of clusters to a minimum. Since the 
Elim district is relatively homogeneous in respect of 
population, geography, income distribution, and 
provision of health services, we do not think that the 
small number of clusters will compromise the results 
of the study. The results of this study are therefore 
probably representative of the whole Elim district. 

The preparation time given to the CG was only six 
weeks, which is a relatively short time in the local 
context. In spite of this they identified 80% of all 
people included in this study. We cannot be certain 
how many blind people were not seen by the OT. We 
can only presume that the CG did visit all homes in 
their village’ and made follow-up visits to contact 
absentees. The respectability of the CG and the local 
health service in general make it unlikely that many 
blind persons were missed. Although the results of 
this study should technically be considered as 
*minimum-estimates', we think that they are in fact a 
fair representation of the actual situation in the Elim 

The blindness prevalence in the Elim district is 
lower than the prevalence in most other subSaharan 
African countries.4” Differénces in methodology 
between these studies and complete absence of 
onchocerciasis (in some African countries respons- 
ible for 12%-37% of all cases of blindness”) may 
partly explain this. 

Blindness affects mainly those above 60 years of 
age, especially women. The excess risk of blindness 


Table4 Lust of five main causes of blindness in Elum district 
1973 and 1985 





1973* 1985 
Hospual based data Population bared data 
Diagnons * Diagnosu * 
Cataract 50 Cataract 55 
Glaucoma 19 Trachoma 10 
Trachoma 7 Aphakus/no glasses 9 
Leukoms-staphyloma — 5 Glaucoma 6 
Corneal degeneration 3 Corneal scar 3 
(vitamin A deficiency) 
"Seo Sutter.’ 
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in women is largely explained by blinding trachoma 
and untreated senile cataract. The reasons why 
blinding trachoma affects mostly women have been 
discussed earlier.* The lower literacy rate in women 
may explain the higher proportion of untreated senile 
cataract in women. The slightly higher average age of 
women may also be an explanation for the higher 
prevalence of degenerative diseases and diseases 
depending on repeated exposure to a noxious 
influence or agent. 

In 1973 a hospital based blindness study was done 
in the Elim area.’ The one notable difference 
between causes of blindness in 1973 and 1985 is 
glaucoma (Table 4). The completely different 
methodology of the two studies might be the reason 
for this. 

A surprise finding was that uncorrected aphakia 
after cataract surgery was the third most common 
cause of blindness. The reasons for this were not 
studied, but several factors might play a part, such as 
loss of glasses, inability to afford glasses, reasonable 
vision by the second eyc at the time of first cataract 
surgery, or no need for glasses because of illiteracy 
and life style. To our knowledge it has not been 
reported earlier that uncorrected aphakia is a major 
cause of blindness. However, noting the similarities 
in health and health services between the Elim 
district and other third world areas, we would specu- 
late that this cause of blindness may not be limited to 
the Elim district alone. 

Surgical interventions by Elim Hospital's Eye 
Department have probably reduced blindness pre- 
valence, but the effectiveness is low. One explana- 
tion might be the relative inaccessibility of the Eye 
Hospital's services. Geographical, economic, social, 
cultural, and politica] (borders) factors may all cop- 
tribute to the inaccessibility.” The exact causes will 
bave to be studied carefully, since it is clear from this 
study that the most significant contribution of Elim 
Hospital's Eye Department to the Blindness Preven- 
tion Programme in the short term is to operate on a 
much greater proportion of thosé people blinded by 
senile cataract and to provide aphakia glasses to all 
aphakic persons. 
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Sickle cell retinopathy in Jamaican children: further 
observations from a cohort study 


JOHN F TALBOT, ALAN C BIRD, GILLIAN H MAUDE, 
ROBERT W ACHESON, BRENDAN J MORIARTY, AND 
GRAHAM R SERJEANT 


From the Medical Research Council Laboratories (Jamaica), University of the West Indies, Kingston, Jamaica 


SUMMARY Serial retinal examinations were performed in children aged 5 years and older and 
fluorescein angiography/angioscopy in children 6 years and older participating in a cohort study of 
sickle cell disease. There were 1229 patient years of observation among 389 children aged 5-13 
years. Peripheral retinal vessel closure was present in approximately 5096 of children with SS and 
SC genotypes at age 6 years and increased to affect 90% of children by age-12 years. A matched pair 
analysis, comparing groups with minimal and complete closure, indicated that complete closure 
was associated with significantly lower total haemoglobin and fetal haemoglobin levels and 
significantly lower weight in SS disease, whereas in SC disease the risk factors appeared to be high 
mean cell volume and low platelet count. Proliferative retinopathy was rare, occurring only once in 
an 8-year-old boy with SC disease, despite 592 patient years of observation in children over this 


age. 


The vaso-occlusive process of sickle cell disease 
affects the retinal vasculature, resulting in both non- 
proliferative and proliferative manifestations. The 
patterns, natural history, and risk factors for these 
changes have been extensively studied, but generally 
in patients presenting clinical with relatively 
advanced retinal disease. The early development 
of vascular changes, their risk factors, and their 
relationship to the formation of proliferative sickle 
retipopathy (PSR) remain largely unknown. A 
cohort study has provided a representative sample of 
children with sickle cell disease, and observations 
on the early development of ocular changes are 


reported. 
Materials and methods 


The children were part of a cohort study of sickle cell 
disease based on the screening of 100.000 consecutive 
normal deliveries at the main Government Maternity 
Hospital (Victoria Jubilee Hospital). Between June 
1973 and December 1981 this programme detected 


Correspondence to Profesor G R Serjeant, Medical Research 
Council Laboratones, Univerzity of the West Indies, Kingston 7, 
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315 children with homozygous sickle cell (SS) 
disease, 201 with sickle cell-haemoglobin C (SC) 
disease, 33 with sickle cell-beta* thalassaemia (S 
beta* thal) and 14 with sickle cell-beta? thalassaemia 
(S beta? thal). The diagnostic procedures! and the 
methods of review! have been reported. 

Visual acuity was assessed as best corrected vision 
with Snellen's type or an illiterate E chart. Ophthal- 
moscopy through a dilated pupil was routinely per- 
formed in children aged 5 years and over Fluorescein 
angiography/angioscopy was routinely performed in 
children aged 6 years and over unless ophthalmo- 
scopy revealed changes requiring fluorescein study at 
an earlier age. 

At the date of last assessment (January 1986) the 
children were aged 5—13 years. Retinal examinations 
had been performed at least once in 219/242 (9096) 
eligible children with SS disease, in 135/162 (8396) 
eligible children with SC disease, in 24/30 (8096) 
children with S beta* thalassaemia, and in 11/12 
(9296) children with S beta? thalassaemia. Of these, 
fluorescein angiography/angioscopy had been per- 
formed at least once in 189/219 (8696) with SS 
disease, in 124/135 (9296) with SC disease, in all 
children with S beta* thalassaemia, and in 9/11 (8296) 
children with S beta? thalassaemia. The numbers of 
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children with S beta* thalassaemia and S beta’ 
thalassaemia were too small to draw conclusions 
on the risk factors for retinal pathology in these 
genotypes, and this report is therefore confined to 
children with SS and SC disease. 

Peripheral retinal vessel closure was diagnosed if 
there was continuing retinal non-perfusion extending 
posteriorly from the ora to at least the equator. The 
posterior extent of presumed closure proved too 
difficult to measure more accurately. The circum- 
ferential extent of closure was arbitrarily classified as 
minimal (less than 60° closure in each eye), extensive 
(combined closure in both eyes exceeding 360°), and 
complete (entire periphery of both eyes affected). 

Haematological indices were measured, as pre- 
viously described, by means of electronic counters 
(Coulter Electronics). Fetal haemoglobin (HbF) was 
measured by alkali denaturation? Alpha thalas- 
saemia was detected by restriction endonuclease 
analysis of DNA obtained from the buffy coat.* Since 
the distributions of HbF and reticulocytes were 
skewed, the transformations log, (HbF+4) and log, 
(reticulocytes+1) were used to give a more normal 
distribution prior to analysis. 


Results 


VISUAL ACUITY 
The proportion of children with normal visual acuity 
(better than 6/12) increased with age, 5796 at 5 years, 
62% at 6 years, 71% at 7 years, 78% at 8 years, 7796 
at 9 years, to 8096 at 10 years, most probably 
reflecting greater understanding and co-operation. 
A visual acuity of 6/12 or less was observed in at 
least one eye on one or more occasions in 17 children 
(12 SS, 5 SC). A child with acuity of less than 6/60 had 
had pneumococcal meningitis with bilateral meta- 
static endophthalmitis and extensive chorioretinal 
atrophy. Ín two children acuities of 6/36 were attrib- 
uted to anisometropic amblyopia and to albinism. In 
the others (three children with 6/18, 11 with 6/12), 
which were generally observed on only one occasion, 
no cause could be found. 


RETINAL PATCHES 

Retinal patches were circumscribed areas of dis- 
colouration in the peripheral retina generally with 
well defined borders. They were frequently but not 
always related to obvious vessels, and usually 
appeared in the plane of the retina. Some were 
darker and some lighter than the surrounding retina, 
probably representing the signs previously described 
8s  dark-without-pressuré! and  white-without- 
pressure.‘ Some were grey-brown with iridescent 
spots resembling the previously reported mottled 
brown areas.’ These were probably the sequel to 
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intraretinal haemorrhage, though recent haemorr- 
hages were seen infrequently. 

These retinal patches occurred in a similar propor- 
tion of children with SS and SC disease and increased 
significantly (p<0-05) from 20% at 5 years to 47% at 
10 years in both genotypes combined. Between the 
ages of 6 and 10 years they were significantly 
(p<0-05) more frequent in males in both genotypes. 
Analysis of the circumferential distribution of 


patches revealed a significant preponderance (65%) 
on the temporal side. 


PERIPHERAL RETINAL VESSEL CLOSURE 
Prevalence. Fluorescein angiography was not per- 
formed before the age of 6 years unless retinal 
examination indicated abnormalities, so the propor- 
tion of children with closure is probably over- 
represented at both ages 5 (range 4-5—5-4 years) and 
6 (range 5-5—6-4 years). From age 7 years data are 
more representative, and the proportion of children 
showing either some closure or extensive closure on 
angiography increased between 7 and 12 years in 
both SS and SC disease (Fig. 1). 

Closure was more common in SS than in SC disease 
between the ages 6 and 11 years and extensive closure 
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Fig.1 Prevalence of peripheral retinal vessel closure at 
different ages in SS (6 —9) and in SC (O—O) disease. 
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from age 6 to 9 years, though the differences did not 
reach statistical signi . Closure was more 
common in males in both SS and SC disease between 
the ages of 6 and 10 years, the sex difference within 
both genotypes being significant (p<0-05) at 7 years 
but not at later ages. The degree of closure in both 
eyes was generally similar, a difference in circum- 
ferential grading of 120° or more between eyes 
occurring in only 42/189 (2296) patients with SS 
disease and in 25/124 (2096) patients with SC disease. 

Complete closure had occurred in 23 SS children 
(14 male, 9 female) and in 16 SC children (13 male, 3 
female). There was a preponderance of males among 
those with complete closure, the Mantel Haenszel x? 
test indicating a significant difference in SC disease 
(3255-44, p<0-05) but not in SS disease (°=0-41). 
The overall x? test for sex, taking account of genotype 
was significant (32—4-64; p<0-05). 

Incidence. Closure was present on first examina- 
tion in 137/189 (7296) SS children and in 68/124 
(5596) SC children, so that only the remaining 52 SS 
and 56 SC children were available for prospective 
observations on the initial incidence of closure. In 
these cases closure was observed to develop for the 
first time in 29 SS and in 34 SC children between the 
ages of 7 and 12 years, the incidence being approxi- 
mately constant across the age span and of a simliar 
order in both genotypes. At the last examination 
there was no closure in 23 children with SS disease 
(seven aged 10 years and over) and in 22 children with 
SC disease (eight aged 10 years and over). 

Progression. Observations on the progress of 
closure were possible in all patients who had not 
attained complete closure, and annual assessments 
were possible over 325 patient years in SS disease and 
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over 191 patient years in SC disease. Closure gener- 
ally progressed gradually over several years from 
none to complete closure. Among a total of 118 
patent years of observation commencing with no 
closure five patients (two SS, three SC) developed 
extensive closure within one year, and one of these, 
an SC male aged 7 years, progressed to complete 
closure. This rapid closure was not associated with 
dramatic clinical events and the child progressing to 
complete closure within one year appeared to be well 
throughout the year's observation. 

Risk factors for closure. 'The possible role of some 
haematological and clinical features as determinants 
of closure was assessed in a matched pairs analysis 
comparing groups with complete closure and with 
none or minimal closure. There were 19 pairs of 
children with SS disease and 13 pairs with SC disease, 
all matched to within six months of age and having 
steady state haematology recorded within six months 
of the ophthalmological examination. 

Patients with SS disease and complete closure 
had significantly lower levels of total haemoglobin 
and HbF (Table 1). Although earlier observations 
had suggested that the effect of haemoglobin was 
dependent on the effect of HbF, analysis of variance 
in this study indicated independent effects of both 
total haemoglobin and HbF. Patients with SC disease 
and complete closure had higher mean cell volumes 
(MCV) (p«0-05) Weight was signiflcantly lower 
among SS patients with closure, but there were no 
differences in height in either genotype (Table 2). 

There were nine patients with SS disease and 
homozygous alpha thalassaemia, four of whom had 
no closure at last examination (ages 7, 8, 10, and 12 
years). Analysis at age 7 years, when data were 


Table1 Companson of some haematological features in matched pairs of patients showing either minimal or complete 











peripheral retinal vessel closure 
Mirumal (<60°) or no closure _ Complete closure Significance 
Vartable Mean SD Mean SD t P 
SS disease (n 19 pairs) 
8-4 12 72 0-8 ~3-91 «0-001 

Log, (HbF--4) 2:38 (6-8) 0-41 2-00 (3 4) 030 -—TI «1-001 
MCHC (g1) 6 32 5 2.8 —0 11 NS 
MCV (fl) 87 8-0 83-5 75 -0 09 NS 
Log, (retecs+1) 2-29 (8-9) 0-49 2 53 (11-6) 034 1-43 NS 
Platelets (x 10°/1)* 158 149 0-19 NS 
SC disease (n= 13 pers) 

10-7 14 10-8 09 0-37 NS 
Log, (HbF +4) 1-66 (1 3) 0-25 163 (1-1) 023 0-34 NS 
MCHC (g/l) 4 20 355 18 047 NS 
MCV (fl) 743 B9 79-4 6-9 207 <0 05 
Log, (retxs+1) 171 (45) 0-34 1 68 (4-4) 042 —0-28 NS 
Platelets (x 109])t 116 191 78 5-07 <0 01 





*Based on 11 pairs. Based on five pairs 


Figures m parentheses represent moans re-expressed im original unita. 
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Table2 Heights and weights in mat hed pairs of patients 

showing either minimal or complete peripheral retinal vessel 

closure 

—————— 
Minimal ( Oo) 


or no closure Complete closure Significance 








Variable Mean SD Mean SD t p 

SS disease 

Age (years) 9-4 1:7 9:5 l 

Weight (kg) 25-2 3-8 23.3 3-7 2.72 «05 
Height (cm) 129-8 8-9 128-8 8-9 1-48 NS 
SS disease 

Age (years) 9:8 1-3 10-0 1-4 

Weight (kg) 25:7 43 27-5 4-7 1-09 NS 
Height (cm) 131-0 9-6 135-4 9.2 1:31 NS 


available on 6/9 patients with homozygous alpha 
thalassaemia, indicated that these patients were 
more likely to have normal eyes or minimal closure 
than those with a normal alpha globin gene number 
(Fisher's exact test, p=0-01). In SC disease the two 
patients with homozygous alpha thalassaemia had 
less closure, but the difference was not significant 
Proliferative retinopathy. A boy with SC disease is 
the only child with PSR to date. When assessed at 
ages 6 and 7 years he had peripheral retinal vessel 
closure in both eyes, more marked in the left. At 8^ 
years closure had extended in the right eye and there 
was a circumscribed leaking lesion (Fig. 2A) in the 
left temporal periphery at 4 o'clock. When he was 
reassessed eight days later perfusion had ceased ( Fig. 
2B). At9 years closure had progressed to 360° of both 





Fig. 2A 
periphery in an 8 
small leaking PSR lesion 


Fluorescein angiogram of the left temporal 
year-old male with SC disease showing 





Fig.2B Same area eight davs later reveals spontaneous 
cessation of perfusion 


eyes, and the PSR lesion in the left periphery was 
reperfused and more extensive (Fig. 2C). At age 10 
years this lesion had enlarged further (Fig. 2D) and 
PSR had developed in the other eve. 


Discussion 


The patient co-operation necessary for fluorescein 
angiography restricted its routine use until 6 years, by 





Fig. 2€ 
is reperfused and has extended. 


Same area six months later indicated the PSR lesion 
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Fig. 2D 


Same area 18 months later illustrating extension of 
the PSR lesion 


which age over half of the study children had already 
developed peripheral retinal vessel closure. In these 
cases it was possible to make some observations on 
the progression of closure, and in the others the 
development of closure for the first time could be 
observed. 

Age was a major determinant of retinal vessel 
occlusion, which generally manifested a steady pro- 
gression, dramatic changes within one year being 
uncommon. Males of both genotypes were at signific- 
antly higher risk for developing retinal patches and 
vessel occlusion, although the mechanism was not 
clear. Total haemoglobin levels are significantly 
lower in males than in females with SS disease from 
ages 5 to 14 years,’ and males have slightly lower HbF 
levels," both indices being risk factors for closure 
in the matched pairs analysis. The significance of 
genotype, with an increased risk of closure in SS 
disease observed in an earlier study," was less 
apparent in the present more extensive data. 

Matched pairs analysis indicated that a low total 
haemoglobin and low HbF were risk factors for 
complete closure in SS disease. A low HbF is 
generally associated with evidence of increased intra- 
vascular sickling" and has been incriminated in 
several vaso-occlusive complications in SS disease. 
The association of closure with a low total haemo- 
globin, although consistent with previous retinal 
observations," conflicted with observations in other 
presumed vaso-occlusive sequelae of SS disease. 
Thus avascular necrosis of the femoral head," pro- 
liferative sickle retinopathy," and painful crises" all 
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appear more common with high total haemoglobin 
levels, especially in association with a low HbF. A 
positive relationship between total haemoglobin and 
HbF“ suggests that the apparent effect of low total 
haemoglobin may be accounted for by the effect of a 
low HbF. Analysis of variance indicated that this was 
indeed the case in an earlier study," but the present 
data suggested an effect of low haemoglobin inde- 
pendent of the low HbF. Homozygous alpha thalas- 
saemia, though uncommon and affecting only 3% of 
the Jamaican population, appeared to protect against 
retinal vessel closure. This subdivision of SS disease 
is associated with a lowered intracellular haemo- 
globin concentration, consequent inhibition of sickl- 
ing, a lower haemolytic rate, and an increased total 
haemoglobin level. The clinical consequences are not 
uniformly beneficial, but the current study suggests 
that homozygous alpha thalassaemia may be bene- 
ficial to peripheral retinal blood flow at this age. 

Analysis of haematological risk factors in SC 
disease indicated that a high MCV and low platelet 
counts were significantly associated with complete 
closure. Both findings were unexpected and difficult 
to explain. Homozygous alpha thalassaemia may also 
protect against retinal closure in SC disease, though 
the effect failed to reach significance with the two 
patients available in this study. 

The significance or pathological basis of retinal 
patches is not clear, though their coincident distribu- 
tion with that of peripheral vaso-occlusion suggests 
that they may be the sequel to vaso-occlusive events. 
Pre- or intraretinal haemorrhages were occasionally 
observed to evolve into patches, so some if not all 
may represent schisis cavities or other sequelae of 
haemorrhage. It is well recognised that arteriolar 
occlusions may be transient and subsequent reper- 
fusion be followed by extravasation of blood through 
the damaged arteriolar wall and a local retinal 
haemorrhage. In several patients with arteriolar 
occlusion in the present study, perfusion was re- 
established without any detectable permanent 
damage in the peripheral capillaries. If arteriolar 
obstruction causes closure, it seems likely that recur- 
rent occlusion may be necessary before permanent 
reduction of the capillary bed occurs. In the majority 
of children the peripheral vasculature was remark- 
ably stable, with little evidence of the remodelling 
reported in adults." 

This hypothesis of a dynamically changing pattern 
of transient occlusion and reperfusion may explain 
the relatively slow development of PSR. Only one 
child, aged 8 years with SC disease, has developed 
PSR out ofa total of 592 observations in patients aged 
8 years and over. Even this patient demonstrated 
the transient perfusion of early PSR, though the 
abnormal vessels were reperfused and extended 
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when seen one year later. It may be anticipated that 
the children in the cohort study are shortly to enter 


the period of rapid progression. 
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How do general practitioners manage eye disease 


in the community? 


P J McDONNELL 


From the Department of Ophthalmology, St Thomas's Hospual, London 


.SUMMARY A survey of the management of eye disease in the community was carried out in two 
general practices over a three-month period. During this time there were 238 consultations by 
patients with ocular symptoms, making up 2-396 of all consultations and giving an annual 
consultation rate for eye disease of 66 per 1000 persons at risk. The four commonest diagnoses were 
bacterial conjunctivitis, allergic conjunctivitis, meibomian cyst, and blepharitis, and these 
accounted for more than 7096 of the consultations. A variety of topical and systemic treatments 
were used, with topical chloramphenicol prescribed in 5596 of consultations. Referral to a hospital 
eye department resulted from 35 consultations, giving a referral rate of 1596 of all consultations. 


There are few detailed studies assessing the way ın 
which general practitioners manage eye disease in the 
community. The most comprehensive data in this 
country on prevalence of eye disease come from the 
morbidity statistics of the Royal College of General 
Practitioners.' However, their classification of eye 
disease is into broad categories: for instance there 
is no differentiation between the two common 
conditions of bacterial conjunctivitis and allergic 
conjunctivitis, and there is no assessment of the 
management of eye diseases by general practitioners. 

Ophthalmologists are increasingly aware of the 
importance of primary ophthalmic care in the 
community. An improvement in both undergraduate 
and postgraduate teaching of ophthalmology is vital 
to help the general practitioner to become more 
confident in the diagnosis and management of 
the wide range of eye discases found in general 
practice. 

An assessment of how general practitioners treat 
eye disease in the community at present might help in 
planning future teaching. This survey was carried out 
over three months in two general practices in South 

. London. The aims of the survey were to determine 
the prevalence of eye diseases in the two general 
practices and to determine how these diseases were 
treated by the general practitioners. 

to Mr P J McDonnell, FRCS, South Wig Eye 
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Subjects and methods 


The survey was carried out for the three months July 
1986 to September 1986 in two general practices. One 
practice consisted of four general practitioners in 
Clapham, South London, with a practice population 
0f9521 patients. The other practice consisted of three 
general practitioners in Streatham, South London, 
with a practice population of 4880 patients, making a 
total study population of 14401.: Analysis of the 
practice populations by age shows that 87% were 
under 65, 796 were 65 to 74, and 6% were 75 or older. 
This breakdown reflects the nature of the two 
practice areas, with fewer old people than the 
national average and a large number of working 
people, both single and married, in the 25-44 age 
group. 

All consultations of patients with ocular symptoms 
were with general practitioners. A special form 
was used to record the presenting symptoms, the 
diagnosis made by the general practitioner, and the 
subsequent management including details of drug 
treatment and any referral. 


Results 


During the period of the survey there were 238 
consultations by 224 patients with ocular symptoms, 
representing 2-396 of the total number of medical 
consultations, which was 10182. This gives a consul- 
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tation rate of 16-5 per 1000 persons at risk for the 
period of the survey and an annual consultation rate 
for patients with ocular symptoms of 66 per 1000 
persons at risk. 

The age and sex distribution of the patients 
consulting with ocular symptoms is shown in Table 1. 
The most frequent attenders were in the 0-4 years and 
25-44 years age groups, each representing 26% of the 
total. Only 1596 of the patients consulting with ocular 
symptoms were aged 65 or over. 

The general practitioners made a range of 29 
diagnoses in the 238 consultations, shown in Table 2 
in order of frequency. Bacterial conjunctivitis was 
the commonest diagnosis, accounting for 4496, 
allergic conjunctivitis for 1596, meibomian cyst for 
8-496, and blepharitis for 5:496. Problems with 
contact lenses were diagnosed in 4-2% , while corneal 
abrasions and foreign bodies accounted for 3-496 of 
consultations. 

The majority of patients were managed by the 
general practitioners without referral to a hospital 
eye department. Table 3 shows the wide range of 


Table 1 Age and sex of patients consulting with ocular 
symptoms 


Age No (%) of patents 
(years) 

0-4 58 (26) 
5-14 29 (13) 
15-24 25 (11) 
25-44 58 
45-64 20 
65-74 25 (11) 
75 and over 9 (4) 
Male 94 (42) 
Female 130 (58) 


Table 2 Classification and frequency of ocular diagnoses 





made by general practitioners 
Disease No (%) of duagnoses 
Bacterial 104 (44) 
Allergic confunctrvits 35 (15) 
Meabonuan cyst 20 (8-4) 
B i 13 (5-4) 
Problems with contact lens 10 (4-2) 
Corneal abramon and foreign body 8(34) 
Stye 7(29) 

6 (2-5) 
Blocked nasolacrimal duct 501) 
D 4(1.6) 
Irrrtabeity of eyes 3 (1-3) 
2 cases cach of squint, mtrs, spontaneous 
haemorrhage, amaurosss twitching cyebd, sebaceous cyst, 
mgrowing cyclazh, chickenpox lesions on eyelid 
1 case each of chronic angroneurotic oedema, ectropson, 
epreclentss, cataract, lid eczema, vitreous š 
detachment, and pterygium 
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treatments used. The commonest treatment was 
topical chloramphenicol, prescribed in 55% of 
consultations. Treatment for allergic conjunctivitis 
was the next most frequent, with topical sodium 
cromoglycate being prescribed in 8% of consultations 
and oral antihistamines in 4-696. Only seven consul- 
tations (2-996) resulted in the prescription of topical 
steroids. No treatment was given in 46 consultations, 
representing 19-396 of the total; of these patients 
some were referred to the hospital eye department 
and some received advice only. 

Referral to a hospital eye department resulted 
from 35 consultations, giving a referral rate of 1596. 
Of these 35 patients two had been sent by an optician 
to their general practitioner with a form GOS 18 
recommending referral to the local eye department. 
The diagnoses made by the general practitioners in 
the patients referred to hospital are shown in Table 4. 
The diagnoses made by the general practitioners in 
the two patients sent by opticians to be referred to 
hospital were chronic glaucoma and reduced visual 
acuity. 


Table3 Treatments given by general practitioners 


Treatment No (%) of penents 
T 133 (55) 
Toprcal sodium cromoglycate 19 (8) 
Oral antihistamines 11(4 6) 
Oral antibiotics 9 (3-8) 
Topical steroids T(2-9) 
Topical antihistammes 7(29) 
Topical gentamicin 5(2.1) 
Topscal hypromellose 2 

Hot spoon bathing 2 

Lid cleammng 1 

Lash removed 1 
Massage lacrimal sac 1 

No treatment, advice only 46 (19-3) 


Table 4 Diagnoses made by general practitioners in 
patients referred to hospital eye department 
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1 case cach of chrome glaucoma, episcieritis, cataract, ingrowmg 
hacmangoma 


haemorrhage, 
eyes, and scars from previous squint surgery 
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Discussion 


Studies of patients with ocular symptoms in general 
practice have tended to limit their inquiries to the 
prevalence of eye disease. The most extensive survey 
in this country is that organised by the Royal College 
of General Practitioners. In the report on 1981-2 
morbidity statistics from general practice! the results 
from a year-long survey gave an annual consultation 
rate for patients with eye disease of 70-1 per 1000, 
representing 2:06% of all medical consultations. 
More recently an ophthalmologist carried out a 
three-month study at a community health centre and 
found an annual consultation rate of 57 per 1000, 
representing 2-796 of all consultations.” These figures 
are comparable with this three-month study, where 
the consultation rate was 66 per 1000, representing 
2-396 of all consultations. 

The Royal College of General Practitioners study 
is of more limited value in reviewing the range of 
conditions seen by general practitioners, as there 
are only 12 categories of diagnoses, and common 
conditions such as bacterial conjunctivitis and allergic 
conjunctivitis are included under the one heading of 
conjunctivitis. The three commonest diagnoses were 
conjunctivitis, meibomian cyst, and blepharitis, 
which are the same three as in the present study. 

The study by Dart,’ which took place between the 
months of May and August, has allergic conjunctivitis 
as the commonest diagnosis, accounting for 2196 of 
cases, while bacterial conjunctivitis accounts for only 
4:7% of patients seen by the ophthalmologist in the 
Community. This contrasts with the present study, 
which also took place in the summer, where bacterial 
conjunctivitis accounts for 4496 of cases and allergic 
conjunctivitis accounts for 1596 of cases. Interestingly 
in Dart's study, when patients saw only the general 
practitioner, the diagnosis of bacterial conjunctivitis 
was more likely, being made 1n 3996 of cases. It could 
be that general practitioners overdiagnose bacterial 
conjunctivitis at the expense of other diagnoses: the 
ophthalmologist had a slit-lamp in the surgery, which 
made more detailed examination possible. It may 
also be that the patients seen by the ophthalmologist 
were a selected group, as some patients who saw a 
general practitioner then declined a further visit to 
see the ophthalmologist. 

As both Dart's study and the present study 
were carried out during the summer months, the 
prevalence of allergic conjunctivitis is likely to have 
been higher than at other times of the year and thus 
possibly have influenced the overall consultation 
rates. However, extrapolation of the three-month 
results from both studies gives annual consultation 
rates very similar to those reported in the Royal 
College survey. 
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The chronic conditions of glaucoma and cataract 
were infrequently diagnosed in the present study — 
only one case of each in the three month period. This 
contrasts with the Royal College study, where 
cataract and glaucoma together accounted for 7-696 
of diagnoees. There are two factors which may 
explain this discrepancy. The practice areas studied 
had a lower percentage of patients over 64 (1396) 
than the national average of 15%. In addition there is 
easy access to hospital eye casualty and clinic services 
in the area, which may reduce the number of 
consultations with general practitioners for cataract 
and glaucoma. 

Only two recent studies mention the treatment 
used by general practitioners in the management of 
eye diseases. A year-long Australian study found that 
chloramphenicol was the commonest antibiotic used 
for infective problems, but no figures are given.’ 
That study also found that topical steroids were 
occasionally prescribed, but again no figures are 
given. A recent postal survey carried out in this 
country asked general practitioners about their 
management of the red eye.’ Topical chloram- 
phenicol was used by 9396 of the respondents to treat 
infective conjunctivitis, but for non-specific conjunc- 
tivitis 10% chose a steroid-contaiming preparation. 
This survey, however, asked only about prescribing 
intentions and was not a retrospective study of 
patient management. The general practitioners in the 
present study treated patients with a fairly limited 
range of drugs. Chloramphenicol was the most 
popular antibiotic used topically. 

The most frequent treatment for allergic conjunc- 
tivitis was sodium cromoglycate. In view of a recent 
editorial’ and the study by Lavin and Rose‘ it is 
interesting to note that 2-9% of patients were treated 
with topical steroids. These patients were mainly 
suffering from allergic conjunctivitis that had not 
responded to topical sodium cromoglycate. No 
patients were treated with combined steroid and 
antibiotic prescriptions. ] 

The referral rate for patients in the study was 1596 


‘of all consultations and was for a wide range of 


diagnoses. The Royal College survey does not record 
the referral rate for patients with ocular symptoms, 
but the overall referral rate for all diseases and 
conditions is 16-596 , which 1s comparable to the rate 
in this survey. 

This study has shown that general practitioners 
successfully manage a wide range of eye diseases in 
the community. The diseases they see may be divided 
into two groups: common external eye conditions 
such as conjunctivitis and meibomian cyst, which are 
not sight threatening and are relatively easy to treat 
in the community, and secondly rare but sight 
threatening conditions such as retinal detachment 
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and glaucoma, which must be referred to a hospital 
eye department. 

Patients were treated by their general practitioners 
with a limited range of drugs the majority of which 
could be used safely in the community. Teaching of 
medical students and update of general practitioners 
should do more to emphasise the two broad groups of 
patients with eye disease in the community and to 
encourage the use of a limited range of safe topical 
medications in the treatment of patients with eye 
disease in general practice. 

I thank Drs P K Medon, A J Surawy, CJ Peach, and J H McDonnell 
and the staff of the Surgery, Battersea Rise, London SW11, and Drs 


J C Austen, T Foster, and S J Savage and the staff of the Surgery, 
Bakiry Gardens, Streatham, London SW16, for therr help with the 
study 
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Visual recovery in orbital vasculitis 


A BAGEGNI,' R W LYNESS/ P B JOHNSTON, anD J F DOUGLAS 


'From the 'Department of Ophthalmology, Royal Victoria Hospital, Belfast BT12 6BA, ?Department of 
Histopathology, and 'Renal Unit, Belfast City Hospital, Belfast B19 7AB, Northern Ireland 


SUMMARY A 46-year-old woman with polyarteritis nodosa and chronic renal failure developed 
sudden loss of vision which was associated with orbital vasculitis. Treatment with cyclophospha- 
mide produced rapid improvement in vision, which has been preserved with maintenance doses of 


cyclophosphamide and prednisolone. 


Polyartentis nodosa is a well recognised cause 
of orbital vasculitis which may be associated with 
visual loss due to either optic nerve compression 
or ischaemic optic neuropathy.’ Corticosteroids, 
orbital uradiation,‘ and cyclophosphamide have 
been given as treatment, but, while the disease 
process and further visual deterioration may be 
arrested, visual recovery 1s rare. We report the case 
of a patient suffering from sudden loss of vision 
caused by orbital vasculitis due to polyarteritis 
nodosa, which responded successfully to treatment 
with cyclophosphamide. 


Case report 


A 46-year-old woman was referred to the eye clinic at 
the Royal Victoria Hospital, Belfast, in January 1983 
for investigation of bilateral painless proptosis. The 
visual acuity was 6/6 in both eyes. The proptosis 
measured 17 mm right and 18 mm left. Both optic 
discs were swollen, with increased tortuosity of the 
retinal veins. 

The patient did not return to the eye clinic for 
review, but in June 1983 she attended another 
hospital, where she was found to have chronic renal 
failure (serum urea 21 mmol/l and a creatine clear- 
ance of 15 ml per minute). A renal biopsy showed 
fibrous crescents in Bowman's capsule, with com- 
pression and hyalinisation of glomerular tufts, some 
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of which were hypercellular. One glomerulus showed 
segmental necrosis. Immunofluorescence testing was 
positive for Clq, IgM, and fibrin. A diagnosis of 
polyarteritis nodosa was made following serological 
and clinical exclusion of systemic lupus erythematosis 
and subacute bacterial endocarditis. The patient was 
treated initially with predmsolone 40 mg daily, which 
was reduced later to a maintenance dose of 12-5 mg 
daily. 

The patient returned to the eye clinic in October 
1985 complamng of sudden loss of vision. The visual 
acuity was 6/9 in both eyes. The intraocular pressures 
were 22 mmHg nght and 24 mmHg left Both optic 
discs were swollen, and fluorescein angiography 
showed distinct central retinal stasis, with venous 
return still not complete 10 seconds after filling of the 
retinal arterioles. The proptosis measured 20 mm 
nght and 21 mm left. Both visual fields showed 
inferior altitudinal defects (Fig. 1). Both eyes showed 
a mixed red-green defect with the Farnsworth- 
Munsell 100-hue test. The pattern visually evoked 
response (VER) latency was delayed from both eyes, 
which measured 150 ms right and 130 ms left (normal 
range 90-120 ms). Computer assisted tomography of 
the orbits showed abnormal soft tissue masses behind 
both globes (Fig. 2). A biopsy specimen was obtained 
from the left orbit through a transconjunctival 
incision over the left medial rectus muscle. Firm 
rubbery tissue was felt medial to the lower border of 
the medial rectus, and a small wedge of tissue was 
excised The biopsy showed an acute vasculitis and 
fibrosis of orbital fat (Fig. 3) The inflammation and 
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destruction of the blood vessel walls were consistent 
with polyarteritis nodosa, though in the small biopsy 
specimen available the vasculitis had destroyed the 
features which allow identification of artery from 
vein. 

The patient was initially treated with prednisolone 
40 mg daily and subcutaneous heparin injections of 
5000 units twice daily. Vision deteriorated rapidly in 
December 1985, when visual acuity was 1/60 right eye 
and 6/60 left eye. In view of the rapidly failing 





Fig. 2 
abnormal soft tissue behind both globes. 


Computer tomographic scan of orbits showing 
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Both visual fields showed inferior altitudinal defects in October 1985. 


vision the patient was treated with cyclophosphamide 
200 mg daily and continued on prednisolone 40 mg 
daily. The visual acuity rapidly improved and in 
January 1986 measured 6/9 right and 6/12 left. 
Fluorescein angiography showed a normal circula- 
tion time at the optic discs, and late phase angiograms 
showed widespread choroidal folds involving the 
entire macular region. Both optic discs were slightly 
swollen. The patient was maintained on cyclo- 
phosphamide 200 mg three days a week and pred- 
nisolone 20 mg daily. In March 1987 visual acuity was 
6/6 in both eyes. The visual fields showed recovery of 
the inferior altitudinal defects (Fig. 4), and both optic 
discs were pale. The patient remains on a mainten- 
ance therapy, consisting of cyclophosphamide 75 mg 
three days a week and prednisolone 20 mg daily. 


Discussion 


Orbital vasculitis may be the presenting feature of 
polyarteritis nodosa.'^ We describe a patient who 
presented with bilateral proptosis and within a few 
months developed renal failure due to polyarteritis 
nodosa which was confirmed by renal biopsy. She 
retained normal vision for two years before vision 
deteriorated rapidly following an increase in the 
proptosis and consequent retinal vascular stasis. 
Orbital biopsy revealed an acute vasculitis and 
diffuse orbital fibrosis which was compatible with 
type | orbital pseudotumour described by Henderson 
and Farrow.' The visual loss was thought to be due 
to activation of the vasculitis with resulting optic 
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nerve compression’ and ischaemic optic neuropathy.’ 
Garrity” et al. reported on three patients with visual 
loss due to orbital vasculitis resistant to high-dose 
corticosteroids. They found cyclophosphamide to be 
effective in controlling the orbital pain and swelling, 
but visual loss was permanent. The rationale for 
using cyclophosphamide is its immunosuppressive 
effect, which is directed mainly against B cells." 
Orbital vasculitis and polyarteritis nodosa are 
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Fig.3 Histological section of 
orbital biopsy showing the lumen 
(L)ofa blood vessel involved in an 
acute vasculitis process (Inf). Note 
the fibrosis (Fig) of thesurrounding 
tissue. Haemoloxylin and eosin 
x195. 


mediated by deposition of immune complexes in the 
vessel wall and are considered to be B-cell-mediated 
diseases." One patient showed a rapid improvement 
of vision once cyclophosphamide was introduced, 
and recovery has been maintained for 18 months with 
a maintenance dose of cyclophosphamide and corti- 
costeroids. 

Clinicians faced with the problem of orbital 
pseudotumour associated with visual loss should first 





Fig.4 Both visual fields show recovery, March 1987. 
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obtain an orbital biopsy for diagnosis and classifica- 
tion into either a type I vasculitis or type H lym- 
phocytic inflammatory pseudotumour response as 
defined by Henderson and Farrow.’ In cases with 
type I vasculitis and visual loss prompt immuno- 
suppression of the B lymphocyte response with 
cyclophosphamide should should be considered as a 
potentially valuable method of treatment. 

However, steroids and cyclophosphamide, both as 
short and long term drugs, have many side effects. 
Those of cyclophosphamide include opportunist 
infection, alopecia, gonadal atrophy, and haemor- 
rhagic cystitis. These are 1n general reversible, but a 
more serious long term threat is malignancy, notably 
leukaemia, lymphoma, and bladder cancer.” Clearly 
long term cyclophosphamide therapy requires fre- 
quent re-evaluation. One should always be looking 
for an opportunity to withdraw the drug permanently 
or temporarily. 


A Bagegni, R W Lyness, P B Johnston 
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Covering everything from the very latest one-piece 
PMMA lens (shaped by the very latest technology). 

To familiar, established two-piece lenses. 

It's a range that includes all the styles most commonly 
used by UK surgeons. 

A range that fully meets the demands of modern 
ophthalmic surgery. 

Because when it comes to quality and precision, 
no-one is as demanding as Storz. 





QUALITY. 


The major advances associated with the introduction 
of microscopes were reflected at STORZ. The advanced 
surgical procedures for this new ‘microsurgery’ 
demanded both new instruments and skills. STORZ were 
quick to react, using microscopes to make delicate tooth 
forceps with .12mm teeth for instance, and positioning 
hooks capable of manipulating .2mm holes in IOL's. 
Innovation, quality and precision are the keywords in this 
exacting branch of surgery and there is no doubt that the 
STORZ reputation has been built and maintained on our 
outstanding dedication to both. 

The STORZ range covers almost everything that the 
Ophthalmic surgeon might ever need. Sheer 
craftsmanship and machining skills are applied to 9. 
every instrument, whether it be a standard hook, 6 
highly delicate micro forceps or Ong scissors. 

STORZ have always played a leading role 
in the development of new instrumentation 
for Ophthalmic surgery, producing the 
best range of quality instruments it is 
possible to buy. 











AND TRADITIONAL 


The STORZ Instrument Company is no newcomer to 
Ophthalmology, indeed its origins go back more than 200 
years to Johann Storz' small knife manufacturing 
company in Germany. His descendents over the years 
began to manufacture surgical instruments with the 
result that STORZ today represents the pinnacle in 
surgical instrumentation and equipment. 

STORZ are constantly working with surgeons who are 
regarded as pioneers in the development of 
instrumentation for cataract extraction. Leading to high 
quality instruments for use in cataract, retinal, iris, 
corneal and muscle surgery. As surgeons continue to 
improve and refine procedures, STORZ are continually 
developing products which not only cater for today's 
needs but actually anticipate tomorrow's. 

STORZ quality has set standards which surgeons rely 
on and which other companies seek to emulate. Now the 
STORZ name is backed by the world-wide resources of 
the Cyanamid Corporation. A healthy merger of technical 
expertise and customer service ensuring the 
continuation of this great Ophthalmic tradition into the 
next century. 

And since Storz invited Coburn (a major name in 
IOL's) to join them and form a single company, the future 
looks bright indeed. 
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the system. Simply programme it with your own preferred procedures 
and parameters, and DAISY will automatically set itself to your choices. 
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fibre-optic linear multi-function footpedal for operating safety. Like a 
new venturi pump that gives fast, silent, linear vacuum response. 
There's even a remarkable fibre-optic light source that delivers 
absolutely white light. 

Storz have brought the same technological expertise to their new 
Alpha II™ A-Scan. It's precise, fast, and compact. It delivers rapid, 
accurate IOL calculations. Sophisticated software helps align the Alpha 
II Soft Probe equally accurately. 

The Alpha II Soft Probe actually conforms to the cornea, greatly 
reducing the chance of incorrect measurements. (There's even a choice 
of a Hard Probe if you prefer.) 

Best of all, both DAISY and the Alpha II A-Scan can be expanded at 
will. (So you can take full advantage of all the latest developments.) 

But then, Storz have always designed their products with the future 
in mind. 
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Effect of intraocular lens implantation on combined 
extracapsular cataract extraction with trabeculectomy: 
a comparative study 


R NEUMANN, M ZALISH, AND M OLIVER 


From the Department of Ophthalmology, Kaplan Hospital, Rehovot, and the Hebrew University-Hadassah 
Medical School, Jerusalem, Israel 


SUMMARY In an attempt to assess the effect of posterior chamber intraocular lens (IOL) 
implantation on the outcome of combined extracapsular cataract extraction (ECCE) and 
trabeculectomy we compared 23 eyes subjected to ECCE and trabeculectomy with 23 eyes 
subjected to a triple procedure - that is, with the addition of IOL implantation. The results showed 
that IOL implantation did not have a detrimental effect on postoperative IOP reduction, gain in 
visual acuity, or needs for antiglaucoma medication. The incidence of anterior chamber reactions 
consisting of the development of posterior synechiae and fibrin formation was significantly higher 
when IOL had been implanted. However, the fibrin was generally absorbed within 14 days and the 
posterior synechiae did not occlude the visual axis. We conclude that IOL implantation should be 


included in these combined operations with the object of rehabilitating visual function. 


Combined surgery for cataract and glaucoma has 
been performed with increasing frequency over the 
past decade. As the geriatric population increases, 
there 1s a growing number of candidates for this type 
of surgery. Another factor is the high success rate 
reported for procedures combining cataract extrac- 
tion and trabeculectomy. Once the intracapsular 
method of cataract extraction had been widely re- 
placed by the extracapsular technique, it seemed that 
the logical next step was to introduce a posterior 
chamber intraocular lens (IOL) at the same time with 
the object of rehabilitating phakic vision. Successful 
results of these triple procedures have been reported 
elsewhere.'? However, so far as we are aware there 
are not yet any comparative studies assessing the 
advantages and disadvantages of including IOL im- 
plantation in operations combining extracapsular 
cataract extraction (ECCE) and trabeculectomy. 

In the present study we compare a series of 23 eyes 
subjected to ECCE and trabeculectomy in combina- 
tion with IOL implantation with a series of 23 eyes 
subjected to ECCE and trabeculectomy only The 
effects of including IOL implantation were assessed 
by comparing improvement in visual acuity, intra- 
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ocular pressure (IOP) reduction, and immediate as 
well as later postoperative complications in the two 
series. 


Materials and methods 


The combined procedure of cataract extraction and 
trabeculectomy has been performed in our depart- 
ment since 1976. Early in 1985 we began to carry out 
triple procedures — that ıs, IOL implantation in 
addition to ECCE and trabeculectomy — and we 
have since included IOL implantation in all such 
operations except where specifically contraindicated, 
for example, in patients with high myopia, advanced 
proliferative diabetic retinopathy, or uveitis. 

Two groups, each consisting of 23 patients, 
were studied. Each patient in the first group had 
undergone a combined procedure of ECCE and 
trabeculectomy, while those in the second group had 
undergone the triple procedure — that 1s, with the 
addition of IOL implantation. Each group comprised 
the last 23 consecutive cases to have undergone either 
the double or the triple procedure at the time 
of study; patients with high myopia, proliferative 
diabetic retinopathy, or uveitis were excluded. 

The mean postoperative improvement in visual 
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acuity and reduction 1n IOP were compared in the 
two groups. In each patient improvement in visual 
acuity was measured in terms of the difference in the 
number of lines on the Snellen chart read before and 
after the operation. If the preoperative visual acuity 
was poorer than 6/120, one unit was added to the 
result, so that an improvement in visual acuity 
was indicated by a higher score. Each patient was 
examined with optical correction after refraction. 

The mean preoperative IOP in each case was taken 
as the mean value obtained from the patient's last 
diurnal pressure curve recorded preoperatively. If no 
such curve had been recorded for more than three 
months pnor to surgery, the average value of the four 
last consecutive IOP measurements prior to the 
operation was used. The mean postoperative IOP 
corresponded either to the mean of a diurnal pressure 
curve measured after surgery or, where this was 
unavailable, to the average value of the last four 
postoperative IOP measurements recorded in the 
patient's file. The postoperative reduction 1n IOP was 
obtained by simple subtraction. 

The amount of antigiaucoma medication before 
and after surgery was compared in the two groups. 
Also compared were the incidence of immediate 
and later surgical complications, 1ncluding anterior 
chamber reactions, anterior chamber depth, and 
formation of posterior synechiae. 

The mean period of follow-up was 10-9 months 
(range 5-18 months) in patients who underwent the 
combined proeedure of ECCE and trabeculectomy, 
and 3-8 months (range 2-10 months) in those who 
underwent the triple procedure. 


PROCEDURES 

Cataract extraction was performed under local or 
general anaesthesia, depending on our prior assess- 
ment of the patient's abihty to comply with the 
instructions of the surgical team during the operation. 
Local anaesthesia was used whenever possible. 
Following peritomy of 160-180? and conjunctival 


Table 1 Clinical findings 
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reflection, a 3X3 mm lmbus-based scleral flap was 
cut to the desired depth and usually at the 12.00 
o'clock position. A corneoscleral groove over 160- 
180°C and two preplaced sutures were prepared on 
both sides of the scleral flap. A small opening was 
then made in the anterior chamber, usually close to 
the scleral flap, and anterior capsulotomy was carried 
out by the can-opening technique. A corneoscleral 
incision was made along the groove, and directed 
slightly towards the cornea at the site of the scleral 
flap. The lens nucleus was expressed and the pre- 
placed sutures were then tied with a slip or final 
knot, depending on whether IOL implantation was 
planned or not. The lens cortex was aspirated by a 
Kelman aspirator or a McIntyre syringe. In patients 
receiving an IOL the temporary slip knots were 
opened and the IOL was implanted in the posterior 
chamber. An intraocular lens of the modified J loop 
type was used in each case. The corneoscleral incision 
was closed, first temporally and then nasally, by 
means of 10-0 Ethilon sutures. 

Following wound closure on both sides of the 
scleral flap a piece of tissue from the trabeculum area 
(2x2-5 mm) was resected, iridectomy was performed 
at the site of the trabeculectomy, and the scleral flap 
was sutured with 4 or 6 separate 10-0 nylon sutures. 
In eyes in which the anterior chamber was found 
to be shallow the irrigation aspiration procedure was 
followed by the injection of sodium hyaluronate 
(Healonid) in order to reform the anterior chamber. 
At the completion of the operation the anterior 
chamber was always well formed. The conjunctival 
flap was placed back in position and sutured with two 
single 9-0 braid silk sutures. 


"Results 


Table 1 presents the clinical characteristic of the.two 
groups studies, namely, the 23 patients who under- 
went the triple procedure of ECCE, trabeculectomy, 
and IOL (group A) and the23 who underwent ECCE 











Surgical procedure Noof Meanage Male/ Open angle glaucoma Angle closure Mean 
eyes (yr) female Primary ondary glaucoma follow-up 
(months) 
Sumple Pseudo- — Pigmentary 
exfoliation 
Group A 
ECCE+IOL+ trabeaulectomy 23 72-1 10/13 10 4 2 7 38 
(61-83) 
Group B 
ECCE trabeculectomy 23 739 12/11 6 10 — 7 109 


(58-86) 


Effect of intraocular lens implantation 


Table 2 Mean visual acuity improvement and mean IOP 
reduction after surgery 





Surgical procedure Mean improvernentm Mean pressure 
viri acuity uction 
(unis) (mmHg) 

Group A 

ECCE+IOL+ 

trabeculectomy 3 13:0 49 6-27x0 97 

Group B ° 

ECCE+trabeculectomy 37440 6-4741-25 


and trabeculectomy only (group B). The mean ages 
in the two groups were similar and there were no 
significant sex differences between them. Sixteen 
patients in each group suffered from open angle 
glaucoma (primary and secondary). The numbers 
of patients with angle closure glaucoma, pseudo- 
exfoliation glaucoma, and pigmentary glaucoma are 
indicated 1n the table. 

A comparison of the operative results in terms 
of mean improvement in visual acuity and mean 
reduction in IOP shows no differences between the 
two groups (Table 2). 

Table 3 summarises the incidence of postoperative 
complications. Anterior chamber reaction was sig- 
nificantly higher in patients of group A, where 11 
eyes showed fibrin formation on the surface of the 


Table3 Number of eyes with postoperative complications 


Surgical procedure Fibrin Shallow chamber Ins retraction* 


trabeculectomy il 6 13 


trabeculectomy 5 5 7 


"Thu refers to positioning of the ims behind the IOL, usually 


sectorial 
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lens and iris as compared with only five 1n group B. 
The fibnn was readily absorbed within 14 days 
following local steroid treatment. Thirteen eyes of 
group A developed posterior synechiae and iris 
retraction, leading to anterior positioning of the lens 
in front of the iris, usually sectorial. Posterior 
synechiae developed in only seven eyes of group B, 
and they did not occlude the visual axis in either 
group. Shallow anterior chamber was observed in 
about one-quarter of the patients in each group, 
usually on the first or second day after surgery, but 
deepened within seven days in each case. 

Table 4 shows the number of eyes receiving various 
types of antiglaucoma medication before and after 
surgery. Itcan be seen that surgery was followed by a 
substantial drop in the number of patients requiring 
such medication, with no significant differences be- 
tween the groups. It should be noted that four 
patients from group A were excluded from this 
assessment because they continued to receive full 
treatment for reasons not relevant to the operation 
outcome: two of them did not understand our instruc- 
tions to stop taking medication, while two were 
instructed to continue with medication because of 
high pressure in the fellow eye. 


Discussion 


Both glaucoma and cataract are most often found in 
geriatric populations A considerable proportion of 
glaucomatous patients show cataractous changes as 
well, usually — but not always — of the nuclear 
sclerotic type. 

We consider three groups of patients with cataract 
and glaucoma as candidates for combined surgery. 

Firstly, those in whom glaucoma cannot be con- 
trolled despite maximum tolerable medication, 
and in whom a cataract severely impairs vision. 
Combined surgery is clearly indicated in such cases 

Secondly, those ın whom cataract extraction is 
clearly indicated and in whom glaucoma is controlled 


Table4 Number of eyes recerving pre- and postoperative antiglaucomatous medication 








Acetaroternide+ Eye drops Total no 
eye drops* Eye drops only* one drug regiment Free from treatment of eyes 
, Before After Before After Before After Before After 

Group A 

tECCE+IOL+ 

trabeculectomy 15 3 7 1 0 5 0 10 19 

Group B 

ECCE+trabecuiectomy 12 3 7 1 4 5 0 i4 23 


“Pilocarpme 2% adrenahine 1% (Eppy), and timolol V4*6 in vanous combinations 


tExther pdocarpine or timolol 


tNot included here among the patients recerving postoperative medication are two patients who continued to take medication through 
mmnderstanding instrucbons and two wbo continued to take acetazolamide because of uncontrolled IOP m the fellow eye. 


744 


by intensive therapy including carbonic anhydrase 
inhibitors. While surgical intervention for glaucoma 
would not normally be recommended for these 
patients, the fact that they must be operated on for 
cataract raises the possibility of adding a filtration 
procedure at the same time. A number of advantages 
are to be gained from this. (1) Antiglaucoma medica- 
tion can then be reduced, thus improving compliance 
on the part of the patient. (2) A filtration procedure 
as an adjunct to cataract extraction may avert the 
IOP increase which is known to follow cataract 
surgery in the early postoperative days. This in- 
crease is y hazardous for severely damaged 
optic discs. (3) The possible need for a second 
operation is avoided. Reoperation, in addition to 
imposing stress on elderly and infirm patients has 
certain specific drawbacks. For example, the lens 
must be removed through a corneal incision or at a 
section of the limbus at a distance from a future 
possible trabeculectomy site. It is our experience that 
these operations are less successful than with the 
regular method. We are impressed that these patients 
1n whom glaucoma is controlled with intensive medi- 
cation tend to have a raised IOP and to experience 
loss of glaucoma control in tıme. We therefore tend 
to favour combined surgery for these patients. 

Thirdly, those in whom glaucoma surgery is indi- 
cated because maximum tolerable therapy does not 
control IOP levels, and a developing cataract has 
already caused partial impairment of the visual 
acuity Although cataract extraction would not 
normally be recommended at this stage, the pro- 
posed filtering surgery for the glaucoma is likely to 
aggravate the cataractous changes in these patients. 
Reoperation for cataract after a filtering operation 
may inadvertently cicatrise a well-formed filtration 
bleb even when the cataract is removed through 
a corneal incision. Moreover, having the cataract 
removed allows improved follow-up and monitoring 
of the glaucoma by examination of the optic disc and 
visual field unhampered by opaque media. We would 
therefore advocate the combined procedure for this 
group of patients as well. It should be noted that IOL 
implantation is strongly recommended in this group 
of patients because their visual acuity prior to surgery 
is fairly good. Failure to implant an IOL would 
seriously hamper the rehabilitation of their visual 
function. 

The purpose of this study was to clarify whether 
the outcome of the combined operation might be 
detrimentally affected by the addition of a third 
procedure, namely IOL implantation for restoration 
of phakic vision. Satisfactory results have been 
reported for the combined procedure without IOL 
implantation.’ In our study the inclusion of an IOL in 
the procedure was evaluated in terms of the following 


R Neumann, M Zalish, and M Oliver 


criteria: (a) improvement of VA; (b) reduction 
of IOP; (c) anterior segment complications; (d) 
reduction of medication after surgery. 

We therefore compared a group of 23 eyes that 
underwent the triple procedure with a similar group 
that underwent only ECCE and trabeculectomy. 
About half of the patients in each group were poor 
candidates for visual acuity improvement, mainly 
because of age related macular degeneration 
(ARMD) and severely damaged optic disc. This may 
explain the rather modest levels of mean improve- 
ment in visual acuity found in both groups (3-5 lines 
of the Snellen chart). It should be pointed out that, 
whenever the posterior segment was healthy, the 
visual acuity improvement was up to 7 lines on the 
Snellen chart. Despite the lack of difference between 
the groups with regard to visual acuity improvement, 
there ıs unanimous agreement that the restoration of 
phakic vision through IOL implantation 1s of great 
advantage to the patient. 

The degree of IOP reduction was almost the same 
in the two groups (Table 2). These values become 
more meaningful when examined in the light of pre- 
and postoperative medical therapy. As Table 4 
shows, 14 patients who did not receive IOL and 10 
patients who did were relieved of all antiglaucoma 
medication after surgery. Only three patients in each 
group continued to require treatment with carbonic 
anhydrase inhibitors. 

Eleven patients in whom the IOP was controlled 
before operation were nevertheless operated on for 
other reasons such as their poor tolerance to anti- 
glaucoma therapy. None of them required heavy 
medication after surgery. 

The ‘number of patients suffenng postoperative 
anterior chamber reactions differed in the two groups. 
Eleven of the eyes with IOL implants and five 
without implants developed fibrin in the anterior 
chamber within a few days after surgery. In all of 
them the fibrin was completely absorbed within 
about two weeks. More than half (13/23) of the eyes 
with IOL and only seven eyes without 1t developed 
iris retraction with posterior synechiae. Since the iris 
retraction did not block the visual axis in any of these 
eyes, it did not reduce the final visual acuity. 

These results show that in both groups there was a 
relatively high degree of postsurgical reactions in the 
anterior chamber. It should be remembered that 
these patients had been treated for long periods of 
time, most of them for years, with pilocarpine and 
other drugs for glaucoma. It is a common experience 
that prolonged periods of treatment with miotic 
drugs render the iris atrophic and prone to the 
formation of posterior synechiae. Thus, anterior 
segment surgery in those patients is often accom- 
panied by pupillary distortion. Pupillary irregularity 
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is also due to the unresponsiveness of the iris 
musculature to the commonly used midriatic solu- 
tions during and after surgery. The presence of a 
foreign body such as an IOL in these eyes probably 
enhances the reactions mentioned above to a still 
higher degree This explains the higher percentage 
of fibrinous exudate, iris retraction, and posterior 
synechiae found in the pseudophakic patients (Table 
3). No significant difference was found in the post- 
operative shallowing period of the antenor chamber 
between the groups. We therefore do not consider 
this condition to be a cause of the pupillary distor- 
tions finally resulting. 

A shallow anterior chamber was observed in the 
unmediate postoperative period in six eyes with and 
five without an IOL, lasting for not more than one 
week. In no case was the anterior chamber flattened 
completely. 

Other authors have reported that posterior 
chamber implantation of IOL concomitantly with 
ECCE in glaucomatous eyes has no effect on the 
incidence of postoperative JOP elevation.’ This 
is in agreement with our present findings that 
the inclusion of IOL implantation in the combined 
procedure of ECCE and trabeculectomy did not 
adversely affect the average reduction in IOP. There 
was also no detrimental effect on the postoperative 
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medication regimen or the visual acuity improve- 
ment. 

It is well known that IOL implantation offers the 
best chance of restoring vision, even in patients 
with ARMD or glaucomatous optic nerve damage. 
Postoperative complications, although more 
common with IOL implantation, did not affect the 
final results. We therefore conclude that combined 
surgery for glaucoma and cataract should not 
normally be considered a contraindication for IOL 
implantation unless there are other specific contra- 
indications, such as uveitis, high myopia, or 
advanced proliferative diabetic retinopathy. 
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The consensual ophthalmotonic reaction 
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From the Department of Clinical Pharmacology, St Thomas's Hospital Medical School (UMDS), London 
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SUMMARY The consensual ophthalmotonic reaction describes the phenomenon whereby altera- 
tion of the intraocular pressure in one eye is accompanied by a corresponding pressure change in 
the contralateral eye. Thirteen normal and thirteen ocular hypertensive subjects received 0-596 
timolol, 296 pilocarpine, 196 adrenaline, or saline uniocularly with saline to the other eye under 
double blind, randomised conditions. Intraocular pressure was measured by applanation 
tohometry at 0, 30, 60, 120, and 240 minutes. Falls in pressure were found in both treated and ` 
consensual eyes for all treatments in both subject groups. A linear relationship between the fall in 
pressure in the treated eye and that in the consensual eye was found for timolol and pilocarpine but 


not for adrenaline. 


In 1924 Weekers' coined the phrase ‘consensual 
ophthalmotonic reaction' to describe the phenome- 
non whereby alteration of the intraocular pressure 
(IOP) in one eye is accompanied by a corresponding 
pressure change in the contralateral eye. This 
response was reported initially in animals, where 
uniocular fistulisation operations,’ anterior chamber 
collapse, aqueous expression,‘ and various anti- 
glaucoma medications^? were found to lower IOP in 
the consensual eye. Similarly, manoeuvres designed 
to increase the IOP in one eye, such as topical 
nitrogen mustard,’ stimulation of the fifth cranial 
nerve,’ and intracameral injection of prostaglandins* 
were found to raise the consensual IOP in some cases. 

In man a consensual response to timolol has been 
convincingly shown in normal and glaucomatous 
subjects, both in single doses and in prolonged 
treatment studies." Sporadic reports have also 
cited consensual pressure falls in response to uni- 
ocular adrenaline" and pilocarpine? and following 
uniocular tonography* and 360° laser trabeculo- 

lasty." 


The objectives of the present study were (1) to 
confirm the existence of the consensual ophthalmo- 
tonic reaction in man; and (2) to elucidate the 
aetiology of the consensual ophthalmotonic reaction 
by determining whether or not a consensual pressure 
response occurred regardless of the nature of the 
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drug used to lower the pressure in the treated eye, 
and if so, whether the consensual nse bore a 
direct relationship to the effect of the drug in the 
treated eye. 


Subjects and methods 


SUBJECTS i 

Group A consisted of 13 healthy male volunteers 
aged 28 to 63 years (mean age 44 years) with normal 
corrected visual acuity, results of sht-amp and 
ophthalmoscopic examination, IOP between 10 and 
19 mmHg, full visual fields on Bjerrum screen 
testing, and normal optic discs. They were not taking 
any medication. 

Group B consisted of 13 ocular hypertensive 
volunteers, 11 male and two female, aged 43 to 82 
years (mean 63 years) with an IOP >21 mmHg in one 
Or both eyes on three or more occasions, without 
glaucomatous visual field loss or optic disc cupping, 
and with open drainage angles. 


METHODS 
Every subject attended at the same time of day on ‘ 
four occasions, each separated by at least one week. 
On each visit one drop of one of the following — 0-596 
timolol, 1% adrenaline, 2% pilocarpine, or saline— 
was administered uniocularly, with saline given to the 
other eye. The eye treated and the treatment order 
were randomly selected and the drugs applied under 
double blind conditions. 
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IOP measurements were made before and at 30, 
60, 120, and 240 minutes after drug administration. 
Measurements were made in both eyes (right eye first 
on each occasion) by applanation tonometry under 
topical 0-4%  benoxinate anaesthesia. Three 
measurements were taken for each reading and 


averaged. 


STATISTICAL METHODS 

Repeatability was assessed by calculating the within- 
individual coefficient of vanation for starting 
intraocular pressures within occasions and between 
Occasions. 

The IOP changes as a function of time were 
calculated for the treated and consensual eyes as the 
area under the curve in mmHg.min by means of the 
trapezoid rule. "The integrated drug effect' (IDE) 
was calculated by subtracting the values obtained for 
the saline experiments from those of the drug experi- 
ments in order to exclude any effect that repeated 
tonometry or diurnal variation might have had on the 
IOP. 

To determine the relation between drug effects on 
the treated and consensual eyes, regressions of IDE 
in the consensual eyes on IDE in the treated eyes for 
all subjects and treatments were calculated. The 
significance of differences between subjects and 
treatments was assessed by analysis of covariance by 
standard methods. 


Results 


` 0-5% Uniocular timolol administration produced a 
fall in IOP in both treated and consensual eyes in 
both subject groups. The effect of timolol as opposed 
to saline on the IOP in the ocular hypertensive group 
is shown in Fig. 1. The starting pressures and 
maximum pressure reductions for each group and 


Table1 Meanstarting IOP--SEM and maximum fall in 
IOP-XSEM in mmHg for treated and consensual eyes for 


each treatment and each subject group 
Normotensrves Ocular hypertensrves 
Strang IOP Mexonum = Starting IOP Maximum 
fallin IOP fella iOP 
Treated 
Tunolol 14-140 4 5-240 3 23-8x0.8 10-940-7 
Adrenalme 14-50-5 3-7£0-3 23-840 5 6 840-5 
Pilocarpme 13-740-3 3-440 2 22-620 6 5 640-5 
Saime 13-5103 12t03 21-740 5 2240-4 
Consensual 
Tmol 13-8t0-4 26403 22 9406 5-940-5 
Adrenaline 14-040-4 — 22:02 22 840-5 3-740-3 
Pilocarpine | 14-0103 2 340-2 220405 3-040-4 
Salme 137403 1440-3 223t0-4 2140-4 
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TIME IN MINUTES 
Fig.1 Mean intraocular pressure in mmHg versus time in 
minutes after treatment in 13 ocular hypertensive subjects: in 
the timolol 0-596 treated eyes (—) and their consensual eyes 
(——), and in the saline treated eyes (....) and their consensual 
eyes (——). 


each treatment are shown in Table 1. The IDE for 
both eyes of each subject group with each treatment 
used is shown in Table 2. 


GROUPA 

In the normotensive group the starting IOP was 
13-9+0-1 mmHg (mean SEM). The coefficient of 
variation for starting IOP within occasions was 4-396 
and between occasions was 8-996. 

Timolol produced a maximum fall in JOP in the 
treated eye of 5-2+0-3 mmHg and in the consensual 
eye of 2-6+0-3 mmHg. This resulted in a significant 
IDE in both the treated eye (p«0-0005) and the 
contralateral eye (p«0-025). 

Adrenahne produced a maximum fall in IOP in the 


Table2 Mean integrated drug effect in mmHg min SEM 
for treated and consensual eyes for each treatment and each 


subject group. 





Normotensrves Ocular All subjects 
hypertensives 

Treated eyes 
Timolol 14 0612-09*** 33 48t4-16*** 23 77r2-99*** 
Adreaalms 6-00r1.77* = 13 35+3-72°"  09-67t2-15*** 
Pilocarpme 56441-42** 107642 50°** 8 2041-50°** 
All treatments 8-5741-18°** 19.2042 58*** 13 8841-53*** 
Consensual eyes 
Timolol 4 1611 66* 12921355** Á 85412 11°** 
Adrenahne —O4054419NS — 4-2742-18* 3 65t1-49** 
Pulocarpine 16342 18NS 5-9842-19** 3 80+1 58** 
Alltreatments 2 94t1.14** TREAT «= §: 3341 08°" 


*mp<0 05, **=p<0-0125, *** e p-0-001 
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treated eye of 3-7::0-3 mmHg and in the consensual 
eye of 2-2+0-2 mmHg. This resulted in a significant 
IDE in the treated eye (p«0-0025) but not in the 
consensual eye. 

Pilocarpine produced a maximum fall in IOP in the 
treated eye of 3.4::0-2 mmHg and in the consensual 
eye of 2-3::0-2 mmHg. This resulted in a significant 
IDE in the treated eye (p<0-0025) and a consensual 
response that did not reach statistical significance. 

When all treatmerts were considered together, the 
IDEs in both the treated and consensual eyes were 
statistically significant (p<0-0005 and p<0-01, 
respectively). 


GROUP B 

In the ocular hypertensive group the starting [OP was 
22-7+0-2 mmHg. The coefficient of variation for 
the starting IOPs within occasions was 3-4% and 
between occasions was 9-696. 

Timolol produced a maximum fall in IOP in the 
treated eye of 10-9+0-7 mmHg and in the consensual 
eye of 5.9::0-5 mmHg. This resulted in a significant 
IDE in both the treated eye (p«0-0005) and the 
consensual eye (p<0-0025). 

Adrenaline produced a maximum fall in IOP in the 
treated eye of 6-8«0-5 mmHg and in the consensual 
eye of 3-7::0-3 mmHg. This resulted ın a significant 
IDE in the treated eye (p<0-0025) and in the 
consensual eye (p<0-05). 

Pilocarpine produced a fall in [OP in the treated 
eye of 5-6:-0-5 mmHg and in the consensual eye of 
3-0+0-4 mmHg. This resulted in a significant IDE in 
both treated and consensual eyes (p<0-005 and 
p<0-01, respectively). 

When all treatments were considered together, the 
IDEs in both treated and consensual eyes were highly 
statistically significant at p<0-0005. 









INTEGRATED 
DRUG EFFECT 
IN 
CONSENSUAL 
EYE IN 
Fig 2 Integrated drug effect in mmHgmin 
mmHyg.min in the treated eye versus 
that in the consensual eye for all 
subjects and treatments. The line of 
best fit calculated by the method of 
least squares is shown. 
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Table3 Relationship between the integrated drug effect in 
the treated eye and that in the consensual eye for all subjects 
for each treatment and the analysis of covariance for this 
relationship 








Slope r pP 
Tumotol 0-48 0-678 «0-001 
Adrenahne 0-09 0135 NS 
Pilocarpme 0.59 0565 «0-01 
All treatments 0-37 0-545 <0 001 
Analyrns of covariance F p 
Between treatments 3241 «1-05 
Betwoen subjects 0-768 NS 
Comparison of siopes between subject groups 0-253 NS 
Comparison of elevations between subject 0096 NS 


COMBINED SUBJECT GROUPS 

When both subject groups were considered together, 
timolol was seen to produce highly significant IDEs in 
both treated and consensual eyes at p<0-0005. 
Adrenaline also produced significant IDEs in 
both treated and consensual eyes (p<0-0005 
and p<0-0125, respectively) as did pilocarpine 
(p<0-0005 and p<0-0125, respectively). 

The graph of IDE in the consensual eyes versus 
IDE 1n the treated eyes for all subjects and treat- 
ments is shown in Fig. 2, while Table 3 shows the 
regression correlation and analysis of covariance. 

A statistically significant correlation between IDEs 
in the treated and consensual eyes was found for 
timolol (p<0-001) and pilocarpine (p<0-01) and for 
all treatments when considered together (p<0-001) 
but not for adrenaline. Analysis of variance confirms 
a source of variance between treatment groups but 
not between subject groups. 
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Discussion 


In this study a consensual fall in IOP was seen to 
occur following uniocular administration of timolol, 
adrenaline, and pilocarpine in the hypertensive study 
group. This supports the hypothesis that the con- 
sensual ophthalmotonic reaction (COR) occurs in 
man regardless of the drug used to lower IOP ın the 
treated eye. In the normotensive group, however, a 
significant COR was seen only with timolol. 

The correlation shows that for all subjects and 
treatments the fall in IOP in the consensual eye is 
directly linearly related to that in the treated eye. It 
should be noted that each drug produced a smaller 
IDE in the treated eyes of the normotensive group 
than in the ocular hypertensive subject group. Since 
the COR is proportional to the IDE in the treated 
eye, this might account for the COR of the normals 
treated with pilocarpine and adrenaline failing to 
reach statistical significance. Adrenaline is unusual, 
however, in that it does not show a statistically 
significant regression correlation between treated 
and consensual eyes when considered alone. 

Several hypotheses have been formed to try to 
explain the consensual ophthalmotonic reaction. 
One suggests that topical medication is absorbed 
systemically and either has its action on the fellow eye 
via the blood stream or acts centrally on IOP control 
mechanisms. The incidence of systemic side effects 
after topical timolol supports this theory, but studies 
with pindolol by Smith et al.™ tend to refute it. They 
measured IOP falls after topical and intravenous 
administration of pindolol. Pindolol treatment to one 
eye resulted in a pressure fall in the contralateral 
untreated eye. This was unlikely to bave resulted 
from systemic absorption of the drug, since the 
contralateral fall occurred in the presence of far 
lower plasma concentratións than were present after 
intravenous administration, which gave a compar- 
able reduction 1n pressure. The theory is also unable 
to explain the consensual ophthalmotonic reaction 
seen on mechanical alteration of IOP such as follow- 
1ng laser trabeculoplasty and tonography. 

An alternative hypothesis suggests that a nervous 
mechanism exists whereby changes in IOP in one eye 
provoke a reflex alteration 1n pressure in the fellow 
eye. This was first postulated by Leplat,” who found 
that a controlled blow to a rabbit eye produced a 
more marked consensual response if the animal was 
unanaesthetised and that the response could be 
abolished by retrobulbar cocaine to the treated eye. 

If such a nervous reflex exists it is unusual in that 
the reflex pressure response is in the same direction 
as the original pressure disturbance—-a form of 
positive feedback which would exclude it from 
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serving any homoeostatic purpose. The practical 
importance of the consensual ophthalmotonic 
reaction 1s that in studies of IOP responses to a 
particular treatment the fellow eye should not be 
used as a control. 


Thus study was supported by a grant from the Research (Endow- 
rents) Committee, St Thomas's Hospital, London, and by Merck, 
Sharp and Dohme Limited 
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Sympathetic influences on the consensual 


ophthalmotonic reaction 


MARY V GIBBENS 


From the Department of Clinical Pharmacology, St Thomas’s Hospital Medical School (UMDS), 


London SEI 7EH 


SUMMARY Six patients with intraocular hypertension received 0-596 timolol or saline uniocularly 
with saline to the other eye, and the intraocular pressure was measured by applanation tonometry 
at 0, 30, 60, 120, and 240 minutes. Falls in pressure were seen in both the timolol treated and 
consensual eyes. The same experiments were conducted after pretreatment of the consensual eyes 
with guanethidine 596. The consensual ophthalmotonic reaction (COR) to timolol administration 
was blocked by pretreatment with guanethidine. Three out of four patients with Horner's 
syndrome also showed a reduced COR in the affected eye after timolol administration to the 
normal eye, suggesting that the COR is mediated by a nervous reflex with the efferent limb in the 


sympathetic nervous system. 


The consensual ophthalmotonic reaction. (COR) 
describes the phenomenon whereby alteration of the 
intraocular pressure (IOP) in one eye is accompanied 
by a corresponding pressure change in the contra- 
lateral eye. It has been postulated that the COR is 
mediated via a nervous reflex mechanism; however, 
the pathways involved have not been shown. Prijot 
and Stone, using uniocular compression as their 
initiating stimulus, found that the COR was not ob- 
served in atropinised rabbits and concluded that the 
parasympathetic nervous system might be involved. 

Perkins,’ using stimulation of the fifth cranial nerve 
in rabbits to alter the IOP, found that the COR was 
diminished by profound narcosis and abolished by 
section of the fifth nerve on the consensual side, and 
he suggested that an axon reflex with the efferent 
limb in the fifth nerve might exist. Akagi et al., 
however, in experiments where they artificially 
raised the IOP in thé treated eye to provoke a 
consensual response, found that section of the fifth 
nerve on the treated side prevented the COR; and 
that the COR was inhibited by blocking the cervical 
sympathetic on the consensual side. Akagi et al. 
therefore deduced that the sympathetic nervous 
system might provide the efferent limb of the reflex. 

The aim of this study was to determine whether 
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sympathetic dysfunction, whether induced by disease 
or drug, altered the COR in the human eye. 
Subjects and methods 
SUBJECTS 
The study group for experiment 1 comprised six 
ocular hypertensive volunteers, five male and one 
female, aged 45 to 76, with an IOP >21 mmHg in one 
or both eyes on three or more occasions but without 
glaucomatous visual field loss or optic disc cupping . 
and with open drainage angles. j 

The study group for experiment 2 consisted of four 
volunteers, three male and one female, aged 28 to 54 
with unilateral Horner's syndrome. Each showed 
features of ptosis and a small pupil with a slow 
redilatation phase of the light reflex, as seen 
on pupillometric measurement, and diminished 
response to the topical instillation of cocaine 496. 
None was recerving any ocular or systemic therapy. 


METHODS 


1 
Every subject attended on four occasions at the same 
time of day, each separated by at least one week. 
Prior to two of these visits pretreatment with one 
drop of guanethidine 596 was administered by the 
subject to the right eye twice daily for three days. 
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Prior to the other two visits the subjects received no 
pretreatment. On the experimental days the subjects 
received either one drop of timolol 0-596 to the left 
eye and saline to the right eye or saline to both eyes. 
This drug administration was carried out under 
double-blind conditions according to a factorial 
design (see Table 1). 

IOP measurements were taken before and at 30, 
60, 120, 240, and 360 minutes after drug adminis- 
tration. Measurements were taken in both eyes (right 
eye first on each occasion) by applanation tonometry 
under topical 0-496 benoxinate anaesthesia. Three 
measurements were taken for each reading and 
averaged. 

Repeatability was assessed by calculation of the 
coefficient of variation for the starting pressures 
within occasions and between occasions for the visits 
when no pretreatment was administered. 


Experiment 2 
Each of the four patients with Horner's syndrome 
attended on three occasions. On one occasion one 
drop of 0-596 timolol was instilled into the affected 
eye and saline to the normal eye. On another visit 
saline was administered to both eyes, and on a third 
,visit timolol was instilled into the normal eye and 
saline to the affected eye. The treatment order was 
randomly selected and applied double blind. 

IOP measurements were made before and at 30, 
60, 120, 240, and 360 minutes after treatment. 


STATISTICAL METHODS 

For each series of experiments IOP changes as a 
function of time were calculated for the treated and 
consensual eyes as the area under the curve (AUC) 
from the time of treatment administration using the 
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hypertensives were averaged. The 'integrated drug 
effect’ was calculated by subtracting the values 
obtained for the saline experiments from those of the 
timolol experiments in order to exclude any effect 
that repeated tonometry or diurnal variation might 
have on IOP. 


Results 


EXPERIMENT 1 

The mean starting IOP for the six ocular hyper- 
tensives was 21-9 mmHg. The coefficient of variation 
for the starting IOPs on the non-pretreatment days 
was 3-496 within occasions and 9-696 between 
occasions. The mean AUCS for each eye and each 
study day are shown in Table 1. 

When no pretreatment was given and saline was 
administered to both eyes (visit D), the IOP changes 
with time were small, representing diurnal variation 
and any effect that repeated applanation might have 
on IOP. The calculated AUC for both eyes under 
these circumstances was not significantly different 
from zero. 

When timolol was administered to the left eye in 
the absence of pretreatment (visit C), a fall in IOP 
was seen in both treated and consensual eyes. The 
AUCSs were statistically significant for both eyes 
(p<0-0025 for the treated eyes and p<0-025 for the 
consensual eyes). 

The integrated drug effect (shown in Table 1) for 
the timolol treated eyes was 39-0 mmHg.min and for 
the consensual eyes was 25-5 mmHg.min (p<0-0025 
and p<0-05, respectively). 

Guanethidine pretreatment lowered the starting 
IOP by 4-81+0-9 mmHg (mean+SEM) in the treated 
eye and by 1-55+0-4 mmHg in the contralateral eye. 


























trapezoid rule. The results from the six ocular Analysis of variance showed the difference in starting 
Table 1 Mean area under curve and integrated drug effect in mmHg min (X SEM) for tmolol and saline treated eyes wuh and 
without pretreatment with guanethidine 

Vint A Vus B Vist C View D 
Eye Right Left Right Left Right Left Right Left 
Pretreatment Guaneth Nu Guaneth Nu Nil Nil Ni Nil 
Treatment Saline Tmmolol Sahne Saline Salme Timolol Saline Sahne 
Mean AUC 11-9 25.8 106 13 214 366 -40 -24 
SEM 34 83 3-9 22 73 7.8 45 32 
p «0 05 <0-0125 <0 025 NS <0 025 <0 0025 NS NS 

Vow A munus vuu B Visit C munus vant D 
Eye Right Left Right Left 
Integrated 

drogeffect 04 24 5 255 30 

SEM 65 78 109 77 
p NS «0 025 «0 05 <0 0025 
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IOP to be significant in the pretreated eye (p<0-01) 
but not in the contralateral eye. 

When guanethidine pretreatment was given and 
saline administered to both eyes (visit B), a fall in 
IOP was seen in the pretreated eyes during the study 
day. The AUC for the pretreated eyes was signific- 
antly different from zero (p<0-025) but for the fellow 
eyes it was not. 

Pretreatment of the right eyes with guanethidine 
followed by treatment of the left eyes with timolol ' 
(visit A) resulted in a fall in IOP in both the timolol 
treated and consensual eyes. The AUCs for both eyes 
were statistically significant (p 140-0125 for the 
treated eyes and p<0-05 for the consensual eyes). 

AUCs from the guanethidine and saline study were 
subtracted from those of the guanethidine and 
timolol study in order to exclude the effect on IOP 
that guanethidine itself was seen to produce. The 
resulting drug effect for the timolol treated eyes was 
24-5 mmHg.min (p.<0-025) and for the consensual 
pretreated eyes was 0-4 mmHg.min, which was not 
statistically significant. Thus uniocular treatment 
with timolol causes a fall 1n IOP in both the treated 
and consensual eyes; however, the consensual 
response is blocked by pretreatment with 
guanethidine. 


EXPERIMENT 2 
The AUCs for both the normal and affected eyes of 
the four patients with Horner's syndrome on each of 
their three visits are shown on Table 2. The AUCs for 
both eyes on the saline study day were subtracted 
from those on the timolol study days to exclude the 
effects of diurnal variation. 
When timolol was administered to the normal eyes 
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a fall in IOP resulted, with AUCs ranging from 16-2 
to 28.3 mmHg.min. in the treated eyes. A variable 
response was seen in the consensual, Horner's 
affected eyes with AUCs ranging from —4-5 to 12-9 
mmHg.min. In only one subject was a convincing 
consensual ophthalmotonic reaction seen. 

When timolol was administered to the affected 
eyes a fall in [OP occurred in that eye in only three of 
the four subjects. In two of these three a consensual 
ophthalmotonic reaction was seen in the fellow, 
normal eye. 


Discussion 


The results from experiment 1 show that, in a group 
of six ocular hypertensive subjects who display a 
significant consensual ophthalmotonic reaction to 
uniocular timolol administration, pretreatment of 
the consensual eye with guanethidine blocks the 
response. This result agrees with that found by Akagi 
et al? In their experiments on animals, blockade of 
the cervical sympathetic on the side of the untreated 
eye inhibited the COR produced by an increase in 
IOP in the fellow eye. Their conclusion that the 
COR might be mediated by a nervous reflex with 
the efferent limb provided by the sympathetic ner- 
vous system is further supported by the findings of 
experiment 2, where, following timolol application 
to the normal eye, three out of the four Horner's 
syndrome patients showed a minimal COR in the 
sympathetically denervated eye. None of the present 
series of experiments support the findings of 
Perkins,’ who in a small number of animals noted that 
sympathectomy on the contralateral side facilitated 
the COR. 


Table2 Area under curve and integrated drug effect v mmHg.run after timolol and saline treatments to affected and normal 


eyes in patients with Horner's syndrome 




















Vui Vuu2 Visit 3 
Eye Affected Normal Affected Normal Affected Normal 
Treatment Tumolol Satine Satine Timolol Saline Saline 
AUC 
Subject 1 170 10-0 168 18-5 38 23 
Subject 2 15.9 —8-2 5-1 10-0 14 -85 
Subject 3 69 -120 101 318 8-1 71 
Subject 4 257 114 -59 306 -14 23 
Visit I minus vut 3 Visit 2 murus vir 3 
Eye Affected Normal Affected Normal 
. Integrated drug effect 
Subject 1 132 77 129 162 
Subject 2 145 03 33 18-5 
Subject 3 -11 —19-1 21 247 
Subject 4 27-1 92 —45 283 


Sympathetic influences on the consensual ophthalmotonic reaction 


The Horner's syndrome patients also showed a 
poor COR in the normal eyes after timolol adminis- 
tration to the affected eyes. This could either be 
explained by postulating involvement of the sympa- 
thetic nervous system in the afferent as well as the 
efferent limb of the reflex, or it may be due to the 
reduced direct response to timolol seen in these eyes 
as compared with the normal eyes—a smaller direct 
response providing less stimulus for the consensual 
reaction. It 1s of interest to note that, in contrast to 
the present findings, Wentworth and Brubaker‘ 
found in their study of aqueous humour dynamics in 
patients with third neurone Horner’s syndrome, that 
the direct response to timolol was the same for both 
normal and affected eyes. 
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Retinal circulation during a spontaneous rise of 


intraocular pressure 


JUAN E GRUNWALD, CHARLES E RIVA AND DAVID M KOZART 
From the Scheie Eye Institute, Department of Ophthalmology, School of Medicine, University of Pennsylvania, 


Philadelphia, PA 19104, USA 


SUMMARY The retinal haemodynamic changes occurring in an eye with a spontaneous elevation of 
intraocular pressure were investigated by bidirectional laser Doppler velocimetry and mono- 
chromatic fundus photography. At an intraocular pressure of 47 mmHg the blood velocity and 
volumetric blood flow rate were significantly smaller and arterial blood velocity pulsatility was 
significantly greater than normal. The corresponding 8896 reduction in perfusion pressure was 
accompanied by a 67% reduction in total retinal blood flow, indicating that autoregulation is not 
efficient at this level of intraocular pressure. An Octopus visual field examination obtained 
immediately following blood flow measurements suggested that the central retina can preserve a 
fairly good function under a total retinal blood flow rate of about one-third of the normal value. 


The effect of an increased intraocular pressure (IOP) 
on retinal blood flow has been studied previously. 
While some investigators have shown that retinal 
blood flow is maintained by autoregulation over a 
wide range of elevated IOPs,?** others have found 
that blood flow is decreased at IOPs above 
27-30 mmHg.** 

In contrast to previous animal and human studies 
in which IOP has been artificially raised for short 
periods of time by cannulation of the anterior 
chamber or by application of a suction cup, this 
report describes retinal blood flow measurements 
obtained in an eye with a spontaneous and more 
prolonged elevation of IOP. These measurements 
were obtained by a combination of bidirectional laser 
Doppler velocimetry (BLDV) and monochromatic 
fundus photography. 


Materials and methods - 


CASE REPORT 

The patient studied was a healthy 25-year-old white 
male with nothing relevant in his medical or family 
history except for the occurrence of glaucoma in a 
paternal grandfather. The patient received routine 
ophthalmological care from age 6 to 20, and the 
results of his examinations were always within 
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normal limits. The IOP recorded in his late teens was 
20 mmHg in both eyes. 

The patient's first significant visual complaints 
occurred at age 25. On repeated occasions following 
vigorous games of basketball he noted a fuzziness 
in his temporal field of vision in both eyes An 
ophthalmic examination revealed a visual acuity of 
6/5 in both eyes and IOPs of 23 mmHg in the right eye 
and 26 mmHg in the left eye (Goldmann applanation 
tonometry). On slit-lamp examination marked iris 
transillumination was observed in both eyes. A faint 
Krukenberg spindle was noted in the left eye None 
was noted in the right eye. Gonioscopy showed very 
wide open angles, with minimal pigmentation in the 
right eye and heavy pigmentation in the left eye. 
Ophthalmoscopy revealed a cup to disc ratio of 0-4 in 
the right eye and 0-3 ın the left eye. An octopus visual 
field (program 32) was within normal limits. 

The patient was re-examined immediately after a 
vigorously played game of basketball. Ten minutes 
after the conclusion of the basketball game the IOP 
was 21 mmHg in the right eye and 29 mmHg in the left 
eye. No cells were noted in the anterior chamber of 
the right eye. Pigmented cells (+2 to +3) were noted 
in the left eye. Forty minutes after the conclusion of 
the basketball game the IOP was 28 mmHg and 34 
mmHg. In the interval between these two intraocular 
pressure measurements the patient consumed 
proximately one quart (1-1 1) of water. At 120 
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minutes after the basketball game the pressure was 
20 mmHg and 47 mmHg. At this pressure central 
retinal artery pulsations were noted in the left eye, 
and the patient described a greying vision in the left 
temporal periphery. 

After an explanation of the procedures, informed 
consent was obtained and retinal blood flow 
measurements by BLDV and monochromatic fundus 
photography were performed. Immediately after 
these measurements an Octopus visual field test 
(program 32) of the left eye was done. This test 
showed a mild depression of the superior periphery, 
with a mean sensitivity of 26-2 (SD 4) DB, a mean 
defect of 2-85 (SD 2-8) DB, and no localised visual 
field defect. The IOP measured in the left eye at the 
end of the visual field test was 50 mmHg. The brachial 
artery blood pressure was 125/75 mmHg. The IOP 
was returned to normal with acetazolamide 250 mg 
and timolol 0-596. 

Treatment was instituted consisting of one drop of 
pilocarpine 0-596 in each eye instilled one hour 
before playing basketball On this therapeutic 
regimen the patient has experienced no further 
episodes of blurred peripheral vision. Examination 
after a game of basketball, with the use of pilo- 
carpine, revealed no increase in intraocular pressure. 

Retinal blood flow measurements were repeated 
three months later. At this time the visual acuity was 
6/5 and the IOP was 19 mmHg in both eyes. No 
medication had been taken in the month preceding 
this visit. 


METHODS 

After pupillary dilatation with tropicamide 1% and 
neosynepbrine hydrochloride 10%, a Polaroid colour 
fundus photograph of each disc was taken. BLDV 
measurements of the maximum or centreline velocity 
of red blood cells (Vmax) were obtained from 
major retinal vessels ın both eyes, as previously 
described." ? For later reference the exact location of 
the measurement sites was marked on a Polaroid 
photograph. 

Vmax Was determined according to the relation 
Vinax=KAf, where K is a constant related to the 
scattering geometry and the wavelength of the laser 
light, and Af=fjmax—fomax." ” The cutoff frequencies 
of the Doppler shift power spectra recorded simul- 
taneously in two different directions of the scattered 
light are fimax and fmax- In veins 10 pairs of power 
spectra were used to calculate an average Af from 
which Winx was obtained." Each of these spectra 
was recorded for 150 ms at random phases of the 
heart cycle and during different heart cycles. In 
arteries the pulsatility of V na: was defined as. 


V sax syst! V max dissi = fima yaf f max casts 
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and was calculated for each artery by averaging the 
ratio f; max sysefimax.disst Obtained from an average of 
seven different cardiac cycles. fimaxsys and fimax dast 
are the fimax recorded during systole and diastole, 
respectively. Since the alignment of the fundus 
camera does not change during a heart cycle, 
Doppler power spectra recorded in only one direc- 
tion of the scattered light are sufficient for the 
calculation of pulsatility. 

To determine the change in red blood cell velocity 
during the heart cycle, the spectrum analyser was 
activated for 0-05 s at various phases of the cardiac 
cycle by means of an electronic gating module fed by 
the signal from a finger plethysmograph. 

The cutoff frequencies of the Doppler shift power 
spectra were determined by visual inspection by an 
examiner who was masked with regard to the clinical 
condition of the subject studied and to the actual IOP 
at which the determinations had been made Follow- 
ing BLDV measurements, fundus photographs were 
taken in monochromatic light at 570 nm with a Zeiss 
fundus camera and Kodak Plus X panchromatic film. 

The diameter (D) of veins and arteries at the site of 
the BLDV recordings was measured from projected 
photographic negatives with a calliper. Determina- 
tions of D were obtained from an average of the 
diameters measured from three photographs. 

Owing to technical problems with the camera we 
obtained monochromatic photographs of only the 
upper hemisphere of the left eye on the visit at which 
the IOP was raised. Comparison of the diameters of 
five major vessels (three veins and two arteries) of the 
superior hemisphere between the two measurement 
sessions showed an average difference of only 0-16% 
(percentage changes of the diameter of the veins 
were +1-5%, —2:696, and —0-5%, and ın the arteries 
were +1-:8% and —1-096). Therefore, in the calcula- 
tion of blood flows for the vessels of the lower 
hemisphere in which D could not be measured, we 
used the values of D determined from photographs 
obtained at normal IOP. 

The retinal volumetric blood flow rate, Q was 
calculated from the relation: 

xD’? 
Q=V mean —— 
.4 
where Vinean represents the mean velocity of whole 
blood. We have assumed that V mean =C- V max, with C 
being a constant which ıs the same for all vessels 
measured. In this study we adopted a value of 
C—1/1-6, based on the work of Damon and Duling." 
The exact value of C was not so important, since we 
were mainly interested in the changes ın blood flow 
during elevated IOP. 

IOP was determined by Goldmann applanation 

tonometry after the instillation of two drops of 
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proparacaine HCI 0-596. The brachial artery blood 
pressure was measured by sphygmomanometry. 

The ophthalmic artery blood pressure was 
measured using compression ophthalmodynamo- 
metry. The IOP obtained during the application of a 
dynamometer force equivalent to the diastolic and 
systolic ophthalmic artery blood pressures was deter- 
mined by applanation tonometry and recorded as 
OABP, and OABP,. The mean ophthalmic artery 
blood pressure (OAPB,,) was calculated according 
to the formula OABP,-OABP,-1/3 (OABP,— 
OABP,). Perfusion pressure (PP) was calculated as 
the OABP,,—IOP. 

OABP, was measured only during the session in 
which resting IOP was normal. We have assumed in 
our calculations that OABP,, was not different 
during the other measurement session from the fact 


that the mean brachial blood pressure did not change, 


between the two occasions. 
Results 


Determinations of retinal vessel diameter, red blood 
cell velocity (Vmax) and volumetric blood flow rate 
obtained at normal IOP (19 mmHg) and elevated 
IOP (47 mmHg) in the left eye are shown in Table 1. 
The exact locations of the measurements are de- 
picted in figs 1A, B. 

Atelevated IOP, the venous volumetric blood flow 
rate and venous Vinx were significantly decreased 
(Table 1). The total venous volumetric blood flow 
calculated by summing the flows in the individual 
major veins decreased by 67% from 31-0 (SD 5-0) 
ul/min to 10-1 (SD 2-3) u/min. 

In the right eye the sum of the venous volumetric 
flow rates measured in the three major retinal veins at 
normal pressure was 25-6 (SD 4-9) u/min. As can be 
seen in Fig. 1, measurements of volumetric flow rate 
in the lower nasal vein were not performed. In this 
vessel a flow of 7 ul/min was estimated from the 
relationship between diameter and flow in normal 
eyes (Riva et al." Fig. 4). From the measurements of 
the three major veins mentioned above and the 
estumation of flow in the lower nasal vein, we 
calculated a total venous volumetric blood flow rate 
of 32-6 u/min. . 

At increased IOP, the velocity pulsatility 
measured from the lower temporal artery (10-2 
(SD 2-6)) was significantly larger than normal (3-08 
(SD 0-4)) Student's t test, p<0-001. 

In the two arteries measured in the right eye at 

, normal IOP (Fig. 1), vessel diameter (146 (SD 4) um 
and 145 (SD 3) pm, respectively), and pulsatility 
(2-94 (SD 0-29) and 2-92 (SD 0-33)) were within the 
range of those measured in the left eye under similar 
conditions. 
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Table 1 Retinal blood flow measurements in the left eye at normal 
and elevated intraocular pressure {IOP} 





Measurements P 
atnormallOP atelevated IOP change 
£SD +SD 
IOP (mmHg) 19 47 4147 
BABP(mmHg) 124/76 12078 — 
OABP (mmHg) 66/44 = 25 
PP, (mmHg) 32 4 —88 
Vean 1 
Diameter(um)  169+4 (169)* — 
V mas (CX) 141+0 36 038+0-1 -73t 
Q (lmn) 11-943-1 32408} -73 
Vein2 
Diameter (jum) 1 16144 -5 
V mex (cas) 0 940 31 0374026  —61t 
Q (u/mm) 8-042 6 2-841 9 —65 
Vein 3 
Diameter (um) 13241 12943 -2 
V mx (COS) 1-47£0-56 0-4940-12  —67t 
Q (mmn) 75x29 2 440-7 —68 
Ven4 
Drameter ( 10913 (109)* — 
V mas (0/8) 1-023:0-23 0.49r015 —S2t 
Q (u/mm) 3-6x0 8 1 740-5$ —53 
Total venous Q 310+5-0 10-142 3 —67 


"These values could not be measured (see ‘Metbods’), and there- 
fore, we used the results obtained during normal IOP tSignificant 
change by Student's ¢ test, p« 0-001. This value was 
calculated from the venous diameter measured at normal [OP 
BABP mdicates brachial artery blood pressure, systolic/chastolic; 
OABP, ophthalmic artery blood pressure, systobc/diastolic, PP w, 
mean pressure, Ven. centreline (maximum) veloaty of 
red blood cells, Q, volumetnc blood flow rate 


The changes in the red blood cell velocity during 
the heart cycle under normal and elevated IOP are 
shown in Figs, 2A, B. At high IOP the diastolic V max 
is close to zero, and the systolic peak is considerably 
narrower than that present at normal IOP. Oph- 
thalmic artery diastolic and systolic blood pressures 
measured during the session in which IOP was 
normal were 44 mmHg and 66 mmHg, respectively. 


Discussion 


Our results show that an 8896 decrease in perfusion 
pressure (IOP=47 mmHg) induces a reduction in 
total volumetric blood flow rate of about 6796. 'Thus 
the retinal vasculature behaves almost like a passive 
system. Under such an acute decrease in perfusion 
pressure a normal retina would show a reduction in 
blood flow of only approximately 40%’ due to 
autoregulation — that is, the tendency of the retinal 
circulation to maintain a nearly constant blood 
flow 1n spite of changes in perfusion pressure. This 
suggests that under a more prolonged increase in 
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Fig. 1A 


Fig.l Monochromatic fundus photographs of the right eye 
(A)and the left eye (B) obtained at normal intraocular 
pressure. Dots indicate measurement sites or veins (V ) and 
arteries ( A). 
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Fig.2 Variations of f,,,, * V max during the cardiac cycle at 


IOP-— 19 mmHg (A). and at IOP—47 mmHg (B). f, is the 
cutoff frequency of the Doppler shift power spectrum 
recorded in one of the two scattering directions obtained 
during bidirectional laser Doppler velocimetry. Error bars 
represent +] SD based on six measurements 
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IOP the autoregulatory response may become less 
efficient. 

As can be seen in Table 1, during elevated IOP the 
percentage changes in Vmax and volumetric blood 
flow rate were smaller in vein 4 (inferior nasal) than 
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in the other veins. The differences between the 
individual veins, however, were not statistically 
significant, and therefore we cannot conclude that 
the regulation may be more efficient in.one area of 
the-retina than in another. 

The results of tbe present study are in accordance 
with previous reports in which the acute effect of a 
large increase in IOP was studied in the human** and 
animal'*** retina. The total retinal venous volu- 
metric blood flow measured at normal IOP in the left 
eye (30-8 ul/min) is similar to that determined in the 
right eye (32-6 ul/min), and both are very close to the 
values reported previously in normal human retina." 

Our measurements algo show that under elevated 
IOP there is an increase in arterial velocity pulsatility. 
Arterial velocity pulsatility, calculated as the ratio 

max, syst V max, cust, increases when the IOP is raised 
to à a level close to the ophthalmic artery diastolic 
pressure, because Vma approaches zero during 
diastole. This effect can be seen in Fig. 2, which 
shows that at an IOP of 47 mmHg blood velocity is 
minimal during most of the heart cycle. Only during 
systole is there an increase in blood velocity for a 
relatively short period of time. 

The case reported here has offered us a unique 
opportunity of investigating the retinal haemo- 
dynamic changes that occur in a human eye with 
spontaneously elevated IOP. In contrast to previous 
reports in which the IOP has been artificially elevated 
either by cannulation of the anterior chamber or by 
application of a suction cup, in the present study no 
manipulation of the eye was performed. In addition, 
the IOP in the present case remained elevated for two 
to three hours, allowing us to investigate the effect of 
a more prolonged increase in pressure than that 
achieved in most of the previous investigations. 

It is interesting to note that, in spite of the marked 
reduction in retinal volumetric blood flow rate, visual 
field examination by Octopus perimetry revealed 
only a mild sensitivity depression within the central 
30? field, which could be due in part to the bleaching 
of visual pigments produced by the illumination of 
the BLDV instrument. This suggests that, although 
the retina has a high metabolic rate and a large 
oxygen extraction from blood, the central retina is 
still capable of preserving a fairly good visual field 
function as measured by Octopus despite a marked 
decrease in total retinal blood flow. The obscuration 
of the temporal field reported by the patient, on the 
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other hand, shows that the peripheral visual function 
is not normal at this reduced rate of total retinal 
blood flow. 


We thank Ms Joan Bane for ber expert techmcal assistance and 
Ms Dolly A Scott for ber careful preparaton of thr manuscript 
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Stereoscopic evoked responses to crossed and 
uncrossed disparity accompanying simulated 
refractive error 


R A NEILL, P DUNLOP, D B DUNLOP, B FENELON, anD C DUNLOP 
From the University of Newcastle, NSW, Australia 2308 


SUMMARY Evoked potentials were recorded to the occurrence of a disparate stimulus in dynamic 
random dot stereograms. Seven adult males, all of whom had vision which was normal or corrected 
to normal, participated in the experiment. Subjects viewed 100 ms duration stimuli which 
embodied 30 arc min of either crossed or uncrossed disparity under four conditions of spherical 
overcorrection: —0-25, +1-0, 42-0, +3-0 dioptres. The first condition, essentially normal 
refraction, yielded reliable behavioural reports of the stimulus and clear evoked potentials to both 
crossed and uncrossed disparity. With increasing overcorrection the behavioural reports became 
less reliable, and the evoked potentials were degraded for both conditions of disparity. The 
responses to the crossed disparity condition, however, showed significantly less degradation in 
both behavioural and electrophysiological measures. The implications of this finding may be that 
there are separate cortical subsystems for the processing of crossed and uncrossed disparity and 


that the former is more robust under non-ideal viewing conditions. 


The human visual system processes the differ- 
ences between the images formed on the spatially 
separated right and left retinae and uses the differ- 
ences in forming a single, fused, three-dimensional 
image. These differences can be considered in 
angular terms. As a first approximation light rays 
travel straight from an object of interest through the 
nodal points of the eyes to the retinae, as illustrated 
in Fig. 1. Let the angle between the fixation rays be 
called angle F and between the rays emanating from 
the object of interest be angles X;, X2, etc. If angle X, 
is equal to angle F, then the object lies on the 
horopter, that is, it lies in the fixation plane. The 
angle X, is greater than angle F, and the image of the 
object is said to produce a crossed disparity, because 
rays carried through to the horopter from the right 
eye pass the fixation point to the left and vice versa. 
The angle X; is less than angle F, producing an 
uncrossed disparity. — 

Microelectrode studies have shown that in 
monkeys there are separate groups of cortical 
neurones dedicated to the p ing of croesed and 
uncrossed disparity.! It is likely that such neuronal 
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groupe also exist in man. These groups are a part of a 
human stereoscopic visual system which serves at 
least two functions: (1) it allows the observer to judge 
precisely the position of objects, relative to some 
fixation point, within the visual field; (2) it aids the 
Observer in the estimation of direction and velocity of 
objects which are moving within the visual field. On : 
an intuitive level it would seem more important for an 
observer to judge correctly the position and speed of 
an object which is approaching than of one which is 
moving away. It is suggested, therefore, that the 
ability to process changes in disparity, in cases where 
the change is in the crossed disparity direction, will be 
found superior to the uncrpssed disparity counter- 
parts. It is further suggested that crossed disparity 

processing will be found more robust under non-ideal 
viewing conditions, such as may arise in the presence 
of a significant refractive error. The first hypothesis 
received strong support from a behavioural study’ in 
which measures of minimum presentation times for 
the detection of disparate stimuli showed significant 
crossed/uncrossed disparity differences. The hypo- 
thesis also received support from an electrophysio- 
logical study in which responses to crossed and 
uncrossed disparities were recorded in the upper, 
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Fig.1 Illustration of crossed and uncrossed disparity. The 
difference (F-X\) represents a crossed disparity, while (F-X2) 
represents an uncrossed disparity. 


centre, and lower visual fields.* The aim of this paper 
is to test the second hypothesis by investigating the 
electrophysiological responses to the introduction of 
crossed and uncroesed disparity under conditions of 
simulated refractive error. 


Material and methods 


Visual stimuli comprised dynamic random dot stereo- 
grams. These were ted in a point-to-point 
display mode on separate (left and right) Tektronix 
602 display units (P31 phosphor). The display units 
were supported vertically on trolleys which were 
attached to the moving arms of a Clement Clarke 
synoptophore.* The images of the display units were 
reflected into the eyepieces via front-surfaced, half- 
silvered mirrors. Fixation points, subtending 0-14? 
and illuminated by red LEDs, were positioned 
centrally at the fixation distance behind the mirrors. 
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The random dot display, gentrated by a computer 
controlled, hardwired unit,‘ comprised a 256x256 
pixel square matrix subtending 10-7? on the side. The 
disparate stimulus, when present, was located 
centrally. It was a square, subtending 3? on the side 
and with a disparity of 30 arc min. By interchanging 
the left and right displays a crossed or uncrossed 
stimulus could be created. It should be noted that, 
unlike real space tests, there were no optical differ- 
ences between the two disparity conditions. Dot 
presentation rate was 100 000 point pairs per second. 

Subjects. Seven male subjects, ages 32-6 (SD 7-3) 
years, all right handed and with normal or corrected 
to normal visual acuity, volunteered to participate in 
the experiment. 

Electrophysiological nses were recorded 
from four scalp sites: 02,01,T6,T5 (International 
10-20 System) and referenced to Fz10, a midline site 
10 cm posterior to the nasion. Eye movements were 
monitored from a single channel by means of elec- 
trodes placed diagonally across the eyes. Chlorided 


silver electrodes were used (Burden ), and scalp 
impedances were kept at 3 kOhms (1096) through- 
out the experiment. 


Data were recorded at a rate of one five-channel 
sample every four milliseconds for a one second 
epoch. Low-pass filters were set at 30 Hz (3 dB 
down) and high-pass at 0-5 Hz. 

The 1 Subjects were screened for visual 
acuity with a Snellen chart. They then underwent a 
series of static stereopsis tests involving the Randot 
(Stereo Optical Co.), Neill Stereo Wedge (Clement 
Clarke), and synoptophore numbered shapes 
(Clement Clarke, slides D21,22) tests. In order to 
facilitate correct fusion, visual alignment was 
checked on the synoptophore with Mayou No. 2 
simultaneous perception slides. All subjects were 
within normal limits on every test. 

Subjects were seated in a comfortable viewing 
position in a light-attenuated room. The synopto- 
phore eyepieces were initially arranged with a —0-25 
dioptre allowance for instrument accommodation. 
The instrument therefore had an optical viewing 
distance of 4 m. The subject viewed 32 presentations 
each of the crossed and uncroesed disparity condi- 
tions, along with four other 32- trial conditions 
reported elsewhere.‘ Separate averaged evoked 
potentials were recorded for each of these condi- 
tions. The eyepiece lenses were then replaced with 
pairs of lenses which were either +1-0, +2-0, or +3-0 
sphere,dioptres over-power. Four sets of the 32-trial 
averages were then recorded for each of the central 
crossed and uncrossed stimuli, the order being 
randomised. This group of trials was repeated twice 
more with different pairs of eyepiece lenses each 
time. The order of selection of lenses was randomised 
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across subjects. Finally, the —0-25 dioptre lenses 
were replaced and three more sets of the averages 
recorded, along with 12 other conditions.‘ Thus four 
sets of 32-trial averages were recorded for all condi- 
tions. The stimulus onset, comprising the abrupt 
introduction of disparity, occurred 100 ms into the 
recording epoch, and the duration of the disparity 
was 100 ms. 

A PDP 12 computer controlled the experiment, 
recorded and stored electrophysiological responses, 
and was responsible for the performance of off-line 
data p 


tion the four sets of 32-trial averages were combined 
into 128trial superaverages. These were then 
normalised across the 100 ms prestimulus interval. 
The mean amplitudes were then calculated across a 
100 ms window commencing 200 ms post stimulus. 
The mean amplitudes were then entered into a 4 
(dioptre) x2 (croesed/uncrossed) x4 (site) analysis of 
variance (ANOVA). In order to test the relationship 
between amplitude of response and degree of refrac- 
tive defocusing, an amplitude versus dioptre linear 
regression was performed on each subject's data and 
the slope estimates of the regression lines were 
submitted to a 2 (crossed/uncrossed)X4 (site) 
ANOVA. 


Sitar 01 
Disparity: Croseed 


Uncrossed 


-D. 25 


rocessing. . 
Data analyses. For each subject and each condi- 





Results 


BEHAVIOURAL 

All subjects were able to identify the onset and 
orientation of the crossed stimulus for all refraction 
conditions, though they reported some difficulty in 
the 43-0 dioptre condition. All subjects, further- 
more, correctly reported seeing the uncrossed 
stimulus in the —0-25 dioptre condition, and six 
correctly described the +1-0 dioptre condition. Only 
two subjects, however, could reliably identify the 
presence of the uncrossed stimulus in the +2-0 
dioptre condition, and no subject reported seeing this 
stimulus in the +3-0 dioptre condition. 


ELECTROPHYSIOLOGICAL 
The superaveraged evoked responses for each of the 
conditions are included in Fig. 2 (sites 02, 01 only). 
Two trends are evident from the diagram and are 
confirmed by ANOVA. The responses to both 
crossed and uncrossed stimuli became smaller as the 
degree of simulated refractive error increased, the 
main effect for dioptre being significant (F (3,18)= 
9-93, p<0-0004). The responses to the uncrossed 
stimulus, furthermore, were smaller overall than 
those to the crossed stimulus (respective mean ampli- 
tudes —1-3 and —2-0 microvolts), the main effect for 
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Fig.2 Superaveraged evoked responses (sites 01 and 02, Negative up) to the crossed and uncrossed disparity across all 
refraction conditions. 
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crossed/uncrossed also being significant (F (1,6)— 
26-07, p<0-003). The remaining main effect, site, 
was not significant. 

Another trend evident in Fig. 2 is that the 
responses to the uncrossed stimulus were more 
heavily attenuated by the over-refraction than those 
to the crossed stimulus. In the normal viewing 
condition (—0-25 dioptre), the responses were of 
similar size (crossed — —2-6, uncrossed— —2-4 micro- 
volt). For the +3-0 dioptre condition, however, the 
responses were quite different in size (crossed= 
~1-5, uncrossed-— —0-3 microvolt). Indeed the 
uncrossed condition evoked almost no response at 
all. This trend is illustrated well in Fig. 3, which shows 
the relationship between amplitude and simulated 
refractive error. The regression line for the crossed 
condition has a slope of —0-37 microvolts/dioptre, 
whereas that for the uncrossed condition is —0-65 
microvolt/dioptre. The linearity of both regression 
lines, which comprise the data for the four channels 
combined, is significant (BMDP program PIR’: 
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Fig.3 Amplitude of response is plotted against refractive 
overcorrection, along with the associated lines of best fit. 
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crossed: F (1,110)=12-64, p<0-0006; uncrossed: 
F (1,110)=55-36, p«0-0001). The main effect for 
crossed/uncrossed was significant in the ANOVA of 
the slopes (F (1,18)=6-59, p<0-05). 


Discussion 


The results of this experiment, both behavioural and 
electrophysiological, provide strong support for the 
hypothesis under test. The introduction of a simu- 
lated refractive error effectively diminishes the 
observer’s ability to discriminate high-frequency 
textual detail, which in turn affects stereoscopic 
resolution. The effect on the ability to resolve 
changes in uncrossed disparity is significantly greater 
than the crossed disparity counterpart. The visual 
system therefore appears to be especially sensitive in 
the processing of crossed disparity. The result must 
be qualified by the following comments. Firstly, the 
experiment was based on the artiicial simulation of a 
myopic type of refractive error in subjects with 
essentially normal vision. It will be interesting to 
repeat the experiment with real myopes to see if 
progressive refractive correction differentially 
improves the stereoscopic resolution. Secondly, 
within the confines of the experimental run it was 
impracticable to use accommodation blocking drugs. 
The subjects therefore responded to under-power 
eyepiece lenses by simply accommodating. Hence, 
while it would certainly have been desirable to do so, 
it was not possible to test responses to simulated 
hypermetropia. 

In this experiment the dynamic random dot 
stimulus comprised a change from zero disparity to 
disparity and back to zero disparity. At onset this 
change in disparity was interpreted as a movement 
towards the viewer in the crossed condition and away 
in the uncrossed condition. A previous study by 
one of the authors’ has shown that the onset of 
disparity is responsible for the bulk of the recorded 
response. 

Despite the fact that no subject could perceive the 
stimulus in the +3-0 dioptre, uncrossed disparity 
condition, a small but consistent evoked response 
was recorded, as can be seen in Fig. 2. A previous 
study has shown that this is very unlikely to be 
artefactual in origin.” The result is consistent with 
that of an earlier study” in which a group of non- 
perceiving subjects produced measurable stereo- 
scopic evoked potentials. The normal response 
appears to reflect an overlay of processes such as 
those related to form detection" and to the process- 
ing of edge details,’ along with more fundamental 
stereoscopic functions. The conditions imposed on 
the subjects by the combination of +3-0 dioptre 
refractive error and uncrossed disparity apparently 
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rendered many, but not all, of these processes 
inoperative. 

As an object approaches an observer, the 
accommodation/convergence reflex assists by keep- 
ing the object within the range of focused single 
vision. A quickly approaching object will generally 
lead the accommodation and convergence process. 
Hence the image of the object will be (a) somewhat 
blurred owing to the delay in the accommodation 
process, and (b) it will be associated with a crossed 
disparity due to the trailing convergence process. The 
findings of this experiment indicate that the visual 
system is particularly well adapted to cope with this 
situation. 

The result may also have some implications in 
relation to the properties of vision in squint. A 
convergent squint results in the observer viewing the 
world through an inappropriate uncrossed disparity, 
while a divergent squint results in an inappropriate 
crossed disparity. The functional consequences of 
these differences are not clear. Further investigation 
is certainly warranted. 


The authors thank Mrs A Quayle, EEG technician for her significant 
input to this research project. The research was supported by 
National Health and Medical Research Council Grants No. 84/0464 
and No. 87/0595. 
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Medulloepithelioma (diktyoma) 


C R CANNING, A C E McCARTNEY, ano J HUNGERFORD 
From Moorfields Eye Hospital and the Institute of Ophthalmology, London 


SUMMARY Sixteen cases of medulloepithelioma are described. Clinical data and follow-up were 
available on 15. Four patients underwent iridocyclectomy initially; all later needed enucleation and 
one had an orbital recurrence. The remaining 12 patients underwent primary enucleation. All 15 
patients with follow-up are alive with no evidence of tumour recurrence. It is suggested that 
enucleation be performed for all but the most localised tumour. Rubeosis was noted in 13 of the 16 
eyes, and this may assist in making the diagnosis. The World Health Organisation histological 
classification of medulloepithelioma was applied, but some problems were encountered, particu- 
larly where the presence of heteroplastic brain tissue was used as a criterion for teratoid tumour and 
where rosettes were used as a criterion for malignancy. 


Medulloepithelioma is an uncommon tumour which 
arises from undifferentiated non-pigmented ciliary 
epithelium and which usually presents in childhood. 
Very rarely it may arise in optic nerve or retina. 
The tumour is pleomorphic and diagnosis is often 
delayed. 

The tumour usually grows slowly and may be 
locally malignant. Distant metastasis is uncommon 
and has been described only in cases where orbital 
spread has occurred. Broughton and Zimmerman' 
have contributed most to the current understanding 
of the clinical spectrum and histological classification 
of the disorder. They reviewed 56 cases derived 
from the records of the Armed Forces Institute of 
Pathology (AFIP). Clinical follow-up data were 
available on 33 of them. Andersen! reported a series 
of 23 cases, about half of which were on record at the 
AFIP. Reese’ and Shields' have reviewed the sub- 
ject. Most other publications on medulloepithelio- 
mas comprise single case reports with or without a 
review of the literature. 

This paper presents the histological features of 16 
cases of the tumour on record at the Institute of 
Ophthalmology in London. Clinical data and follow- 
up information were available on 15 patients. Only 
two of these patients have previously been the 
subject of case reports ^* 


Patients and methods 
Over 25 years there have been 16 cases of histologic- 
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ally confirmed medulloepithelioma in humans on file 
at the Institute of Ophthalmology for which complete 
biographical data are available. For the purposes 
of this study all tissue ens were reviewed 
and fresh slides made as appropriate. Attending 
clinicians and pathologists were contacted for further 
details and current follow-up status. All but one case 
has been treated within the United Kingdom. 

Pertinent biographical data are presented in Table 
1. There were nine females and seven males. The 
ages at diagnosis ranged from 6 weeks to 48 years and 
the follow-up from three months to 25 years. 


Results 


CLINICAL FEATURES 

The presenting symptoms are detailed in Table 2 and 
the pretreatment signs in Table 3. The surgical 
management and histological classification of the 
surgical specimens are recorded in Table 1. Twelve 
cases had primary enucleation and all were alive 
without clinical tumour recurrence. Three of these 
had extrascleral extension of the tumour, one of 
whom received adjuvant radiotherapy. These three 
patients have been followed for between 5 and 11 
years. 

Four patients initially had iridocyclectomies, 
either in order to make the diagnosis or in an attempt 
to excise the tumour. All four have since required 
enucleation — two for recurrent intraocular tumour, 
one for reduced vision and pain, and one for rubeotic 
glaucoma. One of these patients, with persistent 
intraocular tumour, had recurrent tumour in the 
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Table 1 Brographical data, management, and histological classification 





Age at Sex Follow-up 
Number diagnos M/F duratton Management Histology 
1 3yr M Böy Enucleation NTB 
2 14yr F 18 yr Enucleation NTB 
3 48 yr M Enudeation TB 
4 2yr M By Enucieation TB 
5 11 mth F llyr Enudeaton NTB 
6 8 mth F llyr Enucieation NT M (invasive) 
7 lyr M By Indocyclectomy Enucleation Exenteraton--DXT TM (neuroblastoma) 
8 2yr F 13yr Indocyclectomy Enucication NT M (invasive) 
9 6 mth F llyr Indocyclectomy Enucieation NT M (astrocytoma) 
10 13yr F 12 yr Enculeation NTB 
11 6 wk M 5yr Enucleaton TM (invasive) 
12 14 yr F 5yr Enucication NTB 
13 10 yr M 2 yr Enucleaton TB 
14 5 mth M Syr Enucleation DXT TM (neuroblastoma, embryonal sarcoma) 
15 2:5 yr F 6 mth Indocyclectomy Enucieation TB 
16 4yr F 3 mth Enucleation TB 


T=teratord. NT=non-teratow. B=benign M=mahgnant 


orbit two years after enucleation. This was treated 
with exenteration and radiotherapy. The patient had 
no further clinical metastasis after 11 years. The 
other three all had tumour cells at the site of the 
previous surgical section when the whole eye was 
examined, but the patients have remained clinically 
free of tumour. Two have been followed up for 11 
years and one for six months. 


HISTOLOGICAL FEATURES 
Sixteen cases were reviewed. Ten were benign, of 


Table2 Presenting symptoms 


No of patents 


Re NEE NAA 


No. of patients 


Retinal detachment 
Incidental finding — traumatic ruptured globe 


eRe ee enawb 


which seven were non-teratoid. Of the six malignant 
cases two were aggressively invasive preoperatively. 
Both were non-teratoid. The teratoid elements found 
included cartilage in three, and brain (neurones 
and glia) in two. Some unusual, but not teratoid, 
elements were also found—angioma in one and 
ganglion cells in another. No rhabdomyoblasts were 
found in any of the 16 cases. Most tumours contained 
rosettes of various types. Cystic change with accumu- 
lation of mucopolysaccharide material was seen in 
three cases. Unequivocal cytologically malignant 
areas contained neuroblastoma-like tissue in two, 
embryonal sarcoma-like tumour in one, and astro- 
cytoma in one Calcification was present in four 
cases. 


Discussion 


Medulloepithelioma was first recognised and termed 
*carcinome primitif by Badel and Lagrange in 1892 ' 
Verhoeff described another case in 1904.* He gave it 
the name 'teratoneuroma', although his case con- 
tained no teratoid elements. Fuchs reported an 
example in 1908* in which the predominant histo- 
logical feature was a net-like pattern of poorly 
differentiated cell ribbons, 5nd he used the term 
‘diktyoma’ derived from the Greek root for ‘net’. 
This name makes up in brevity what it lacks in its 
description of cytological or embryological features, 
and for years was the most popular term for this 
tumour. The term 'medulloepithelioma' was first 
applied in 1931 by Grinker.? The etymology of these 
various terms has been discussed elsewhere.! 


PATHOLOGY 
Quite recently the classification of tumours arising 
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from the ciliary epithelium has been simplified, 
largely through the efforts of Zimmerman. His 
classification has been adopted by the World Health 
Organisation." Tumours of the ciliary epithelium are 
divided into congenital (arising from undifferenti- 
ated epithelium and presenting commonly in child- 
hood) and acquired (arising from differentiated 
epithelium and presenting commonly in adults). 
Undifferentiated cells do not normally persist in the 
ciliary epithelium into adulthood. All congenital 
ciliary epithelial tumours are niedulloepitheliomas. 
The acquired group includes hyperplasias, adeno- 
mas, and adenocarcinomas. 

The diagnosis of medulloepithelioma of the ciliary 
body is not usually difficult histologically, but classifi- 
cation into the simple and elegant categories of 
Broughton and Zimmerman! may prove harder. The 
classification splits the tumours into benign and 
malignant on the basis of cytological features and 
invasive, rather than metastatic, properties. The 
latter is not a contentious issue, since these tumours 
arc often locally aggressive and may spread to involve 
the orbit as well as other intraocular structures. The 
former set of criteria, involving pleomorphism, 
mitotic rate, and degree of undifferentiation, are less 
easy to apply, since these tumours are by definition 
immature and may be growing quickly. Sheets of 
basophilic cells may resemble neuroblastoma or 
undifferentiated retinoblastoma in otherwise unre- 
markable tumours. Rosetting is not necessarily a 
helpful diagnostic feature, since 81% of cases in the 
present series had rosettes, some of the more primi- 
tive retinal anlage type, others more like Homer- 
Wright rosettes, and others with clearly delineated 
external limiting membranes around a central 
lumen, resembling Flexner-Wintersteiner rosettes. 
Occasionally the rosettes have turned ‘inside-out’, 
and both of the latter types of rosettes resembled 
those seen in dysplastic retinas, especially those 
associated with trisomy 13-15. 

It is interesting that heteroplastic cartilage is also 
associated with this trisomy and with some micro- 
phthalmic eyes. This is the most easily recognised 
beteroplastic or teratoid element. In the present 
series only two tumours had mature cartilage. 
Recognition of genuingly teratoid elements can be 
difficult. In several of our cases areas which appeared 
to be ‘brain’ were in fact composed only of glial 
elements, many showing the well described spongio- 
blastic change, while some appeared gemistocytic. 
Unequivotal neurone cell bodies were rare but were 
seen in two cases. We did not regard ganglion cells as 
being teratoid. Other glial concomitants such as 
Rosenthal fibres were seen, and one tumour con- 
tained frank astrocytomatous areas. Rhabdomyo- 
blasts were seen in one specimen at the Institute of 
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Ophthalmology from a patient on whom biographical 
data were not available, but not in any of the 16 
documented cases reported here. 

These tumours present a spectrum of malignancy. 
While most behave well, without overt aggressive 
invasion, the AFIP series included four deaths from 
tumour. 


CLINICAL FEATURES 

Rubeosis was a clinical or histological feature of 13 of 
the 16 cases in this study, as compared with only 11 of 
56 cases in the AFIP series. It may be a useful 
confirmatory sign when making the diagnosis. We 
know of no work on angiogenic factors in these 
tumours. 

The life expectancy of treated patients is very 
good. In the present series all 15 patients with follow- 
up are alive, with no evidence of residual tumour. All 
affected eyes had been removed, however. In the 
AFIP series the presence of orbital involvement was 
a major determinant of survival,' though the present 
series includes survivors even with extrascleral exten- 
sion of tumours containing cytological evidence of 
malignancy. 

The best treatment for these patients is uncertain. 
The tumour is too uncommon for any one centre to 
have acquired much experience in different thera- 
peutic strategies. Broughton and Zimmerman 
suggest that local excision be attempted for small, 
well circumscribed tumours. They base this recom- 
mendation on two patients who had had excision 
iridocyclectomies with no apparent tumour recur- 
rence after a follow-up of between 1 and 22 years. 
The age of the patients at treatment is not given, nor 
is their subsequent visual function or the presence of 
cataract, rubeosis, glaucoma, or squint. Given the 
usual onset of these tumours in early childhood, one 
might anticipate that such surgery would result in 
significant amblyopia. Furthermore, it is not clear 
whether complete excision of the tumours was 
achieved: the possibility of corneoscleral extension, 
which is one of the criteria of malignancy, may have 
been difficult to exclude. 

In the same series, eight eyes which had undergone 
iridectomy or iridocyclectomy as an initial procedure 
required later enucleation, making the overall 
chance of retaining the eye after such surgery 20%. 
The tumour is typically friable and difficult to 
manipulate surgically. Although about one-half of 
the tumours contain melanin pigment microscopic- 
ally,’ they are often not clinically pigmented. This 
makes definition of the posterior extent of the 
tumour by transillumination more difficult. The 
attendant rubeosis increases the risk of peroperative 
intraocular haemorrhage. 

Broughton and Zimmerman! remarked on the 
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frequency with which highly malignant looking areas 
within the tumour appeared to be confined by benign 
tumour, and they considered that this might retard 
the clinical expression of malignancy. Surgical 
manipulation might adversely affect such a balance. 
The prognosis for tumours confined within the globe 
is uniformly excellent: no case of tumour death has 
been recorded without evidence of orbital involve- 
ment. 

All these factors militate against attempting local 
excision of all but the most circumscribed tumours, 
given the limited chance of anatomical and functional 
success of the operation and the potential for promot- 
ing orbital recurrence. 

We know of no data on the treatment of ocular 
medulloepithelioma by radiotherapy, though the 
central nervous system counterpart of the tumour is 
known to be radiosensitive. While it would be 
technically feasible to treat ocular medulloepith- 
elioma by local radiotherapy employing a radioactive 
scleral plaque or a proton beam, the rarity of the 
tumour and the difficulty in establishing the diagnosis 
clinically would suggest that a pretreatment tissue 
diagnosis would be required for the proper assess- 
ment of the approach. The potential hazard of 
intraocular biopsy of a locally aggressive tumour and 
the difficulty of obtaining a tissue sample representa- 
tive of the entire tumour would also hamper the 
investigation of this option. 

We recommend that enucleation should be the 
primary treatment for most cases. Where a credible 
non-neoplastic differential diagnosis exists, incis- 
ional biopsy may be considered with a view to 
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subsequent radiotherapy for localised tumours and 
enucleation for extensive tumours. 
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Analysis of the factors involved in cosmetic failure 
following excision of the eye 


D L SMERDON A SUTTON 


From the Birmingham and Midland Eye Hospital 
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SUMMARY We graded the overall cosmetic outcome of 56 patients who required excision of the 
eye. Each patient was then subjected to a more detailed analysis of the specific abnormalities 
associated with excision of the eye in order to discover which are associated most consistently with a 
poor cosmetic result. The only factor showing a statistically significant variation with the overall 
cosmetic outcome was the degree of upper lid sulcus. Taken individually the other features showed 
no statistically significant correlation. When each finding was scored, the averaged sum of the 
scores was related to cosmetic outcome with statistical significance. A method of quantifying 


orbital volume loss is described. 


Excision of the eye is indicated for inoperable 
intraocular malignancy, when there is a substantial 
risk of sympathetic ophthalmitis, endophthalmitis 
with failed treatment, and for a blind, painful eye.’ 
As there is such à wide variation in cosmetic out- 
come, it would be an advantage to know the features 
associated with cosmetic failure. It might then be 
possible to alter methods of excision in order to 
reduce their incidence. This would in turn reduce the 
need for subsequent corrective procedures. 

Some features associated with excision of the eye 
are well known. Enucleation in childhood results 
in a reduced orbital volume. In adults there is a 
reduction in orbital volume which is either immediate 
or may be delayed. Excision of the eye is said to be 
associated with the development of an upper lid 
sulcus, and this has stimulated the introduction of 
many varied surgical corrective techniques. ^ Move- 
ment of the artificial eye, even with the better 
magnetic implants, is relatively poor. Cosmetic result 
and movement are said to be better when an orbital 
implant is used after enticleation' * " or after eviscera- 
tion. 

To discover more about the factors associated with 
poor cosmetic outcome we examined a group of 
patients who had undergone excision of the eye. Our 
aims were as follows: (1) to determine whether 
the apparent orbital volume loss which exists after 
excision of the eye could be measured clinically; (2) 
to assess the contribution of any other detectable 
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anatomical or functional abnormalities to overall 
cosmetic result; (3) to determine whether the pre- 
sence of an orbital implant was associated with a 
better overall cosmetic result; (4) to determine 
whether cosmetic outcome was influenced by the 
choice of excision procedure (evisceration rather 
than enucleation); (5) to see if age, sex, and aetiology 
were related to cosmetic outcome. 


Materials and methods 


From the Birmingham and Midland Eye Hospital 
operating theatre register we obtained the details of 
each patient who had undergone excision of the eye 





Fig. 1A 
Fig. | 


Photographs taken in primary position (A), looking 
right (B). and looking left (C) 
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Fig. IB 


from 1 September 1979 to 13 May 1985. These details 
were used to trace the corresponding medical records. 
The patients were recalled by letter. 

The following details were recorded: enucleation 
date; patient's age at enucleation; side; reason for 
enucleation; implant size and type (if inserted). 

The patient was then photographed in the primary 
position, and looking right and left (Figs. la. b. c). 
We looked specifically for laxity of the lower lid. 

The artificial eve (AE) was then removed, weighed 
(to 2 decimal points of a gram), and its volume 
determined by displacement in a graduated cylinder 
(to the nearest 0-5 cm’). 

Each patient was subjected to volumetric analysis 
of their orbits. This was performed as follows. The 
AE was removed. A drop of oxybuprocaine was 
instilled into both the good eye and the socket. The 
patient put on a pair of Speedo swimming goggles 
which had a 0-25 inch (6 mm) hole drilled through the 
medial aspect of each of the flat anterior faces (Fig 2). 
The goggles were adjusted for symmetry on the 
orbital margins and the patient placed supine. Each 
chamber of the goggles was filled with normal saline 
fed from a 20 ml syringe via a narrow cannula (a 





Fig. 2 


The fenestrated goggles. 
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Fig. IC 


truncated 21g Butterfly — Fig. 3) and the volume 
recorded. The fluid was aspirated out through the 
same cannula, the AE was reinserted, and the patient 
was thanked and discharged. 

Later the photographs were assessed, firstly for 
an overall impression of cosmetic outcome, and 
secondly to quantify the excision related abnormali- 
ties. 

Overall cosmetic assessment was performed as 
follows. The photographs in the primary position 
were graded by both an ophthalmologist and a lay 
person to ensure minimal bias. No grading was given 
until all the photographs had been seen, so that the 
extremes of cosmetic variability were known. Each 
patient was then allocated to one of five groups 
(scored 1-5 from best to worst) representing the 
range of cosmetic results which we encountered. 

Any abnormalities related to excision were to 
be measured directly from the photographs and 
converted to mm. The subjects would then be divided 
into their cosmetic groups and the results subjected 
to paired Student's z tests to assess whether any 
perceived trends were of statistical significance. 

Examination of the photographs in dextro- and 





Fig.3 The fenestrated goggles in use. 
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Fig. 4 Difference in height of palpebral apertures. 


laevoversion allowed estimation of the ratio of 
movement of the eyes. The profile of an AE is such 
that measurement by the Hirschberg test is highly 
misleading. We used the change which occurs in the 
canthus-to-limbus measurement on versions to give a 
ratio of eye movements. These measurements were 
taken directly from the photographs. 


Results 


Over the six-year period 179 eyes were excised. 
There were 15 eviscerations and 164 enucleations. 
Eleven records were untraceable. Two patients were 
known to have died, and 18 others were deemed 
unsuitable for reasons of health (4), mental state (2), 
now distant location (12), and not recalled. A total of 
148 patients were sent for, but only 56 attended. 
Four were excluded from analysis, three because of 
lost photographs and one who refused volumetric 
measurements. Unfortunately no  evisceration 
patients were included in the analysis. 

We recorded a number of abnormalities associated 
with excision of the eye: orbital volume loss (52, 





k 


Fig.6 Altered lower lid contour and lower lid laxity. 
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Fig.5 Upper lid sulcus showing measurement points. 





100% ); difference in the height of the palpebral 
apertures (25, 48%) (Fig. 4); poor movement 
(52, 100%) (Figs. la, b, c); the presence of an upper 
lid sulcus (51, 98%) (Fig. 5); laxity of the lower 
lid (36, 69%) (Fig. 6); altered lower lid contour 
(34, 6576) (Fig. 6); poor centring of the cosmetic shell 
(36, 69% ) (Fig. 7). 

There were a number of other features which were 
AE fitting problems such as: medial edge of the AE 
visible on abduction (4 cases); poor AE colour match 
(3 cases); lateral edge of AE visible on adduction (1 
case). 

The numbers in each cosmetic group are given in 
column 1 of Table 1. 

Orbital volumetric analysis was easy to perform 
and was not uncomfortable for the patient. Measure- 
ments repeated for various reasons were found to 
vary by less than 1 ml. The averages of the volumetric 
results are shown against cosmetic grouping in 
columns 2-5 of Table 1. There was a wide variation in 
both the enucleated and normal eye volumes (E vol 
and N vol respectively). The formula (E vol —N vol) 
gives the orbital volume loss (OVL). If the shell 





I MW has 
Fig.7 Poorcentring of the artificial eye. 
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Table 1 Averages of measurements of volumetnc analysis, shell weight and volume, palpebral apertures, movement ratio, 





and lid sulcus against cosmetic group 
Volumetric analysis Shell Palpebral aperture Lid sulcus 
Cosmetic m_m Movement 
group A Evol Nvol OVL OVD Wt Vol N E PAD rato N E E -N 
Verypor 3 18 2 5 2 3 3 7 8 -1 51 3 Ig 8 
5 15 12 5 1 35 ^38 9 9 0 31 3 8 5 E T 

Average 21 19 14 5 3 3 3 9 9 0 41 _ 3 6 3 e 01 
Good 18 18 14 4 2 3 3 10 10 - 0 21 3 5 2 Ms 
Very good 5 18 15 3 0 3 3 9 9 0 3:1 3 4 1 

mn 9 6 =] -2 I 1 5 5 -4 11.1 0 0 1 

max 26 19 11 8 5 4 13 14 3 771 8 l4 8 r 

mean 19 14 5 2 3 3 9 9 0 31 3 6 3 

SD 36 25 25 24 10 07 18 21 16 141 21 32 23 


E=enuckated eye. Nenormaleye OVL eortxtal volume loss (E vol-N vol). OVD =orbrtal volume discrepancy PAD difference in height 


of palpebral apertures NS not ngnificant 


volume is added to this figure, ideally there should be 
a figure of zero. We have termed this the orbital 
volume discrepancy (OVD). The mean of the orbital 
volume loss was 6 ml (SD 2-3) in those without an 
orbital implant and 4 ml (SD 2-5) in those with. The 
mean of the OVD ın each group was 4 ml (SD 2.4) 
. and2 ml (SD 2:3) respectively 

We found that shell volume was broadly related 
to shell weight, though neither measurement was 
related to cosmetic result (columns 6 and 7 of Table 
1). Those patients without orbital implants (10, 
19-296) had a mean shell weight of 3-1 g (SD 0-9) as 
compared with 2-8 g (SD 1-1) in those with implants. 

There were 25 cases (48%) in which there was a 
difference 1n the palpebral aperture of over 1 mm. 
Neither measurement of the palpebral apertures nor 
their differences showed any consistent variation 
with cosmetic group (columns 8-10 of Table 1). 

All 52 patients (100%) showed reduction in the 
ratio of AE movement as compared with the fellow 
eye (column 11 of Table 1). 


In 51 cases (9896) a lid sulcus was demonstrated, 
and the averaged measurements are shown against 
cosmetic group in columns 13-15 of table 1. For the 
purposes of measurement the lid sulcus was taken to 
be the difference between distances from upper lid 
margin to first skin crease (Fig. 5). There was a statis- 
tically significant correlation between cosmetic group 
and the extent of the lid sulcus. 

There were 36 cases (69%) of lower lid laxity 
and 34 cases (6596) of altered lower lid contour. 
These were scored 0—4, from most normal to most 
abnormal. Averaged scores decreased with better 
cosmetic groups, though not with statistical signifi- 
cance (columns 2 and 3 of Table 2). 

Centring and movement of the AE with respect to 
the normal eye are also shown in Table 2 (columns 4 
and 5). Thirty six patients (69%) had some degree of 
poor AE centring. Horizontal and vertical centring 
was scored separately as follows: a score of 0 was 
given on each scale if the eye was correctly centred. If 
the AE was slightly decentred, a score of 1 was given 


Table 2. Cosmetic groups against presence of an orbital implant, averages of scores for lower lid laxity, altered lower lid 


contour, AE centring, and averaged total scores 











Lower ltd AE centnag - Imptant 
* Averaged 
Cosmetic group n Laxity Contour Horizontal — Vertical Yes No total scores 
Very poor 3 20 16 06 213 1 2 Ho iat 
Poor 5 14 14 16 3 2 eae o5 
Average 21 LI il 08 10 16 5 7 Hos 
Good 18 1-0 10 08 03 18 0 dm 
Very good 5 04 02 02 0-2 4 7 2P 
Sconng. 0=nornal normal 

1=minmal decentred 4* 

2=moderate decentred 8° 

3zmarked decentred 16” 

4» very marked decentred 24* 
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Table 3 Age at enucleanon and sex distribution against 
cosmetic result 


Age at Averaged scores 

enucleation Male Female of cosmetic result 
0-19 4 2 18 

20-39 10 4 23 

40-59 11 5 27 

60+ 7, 9 34 


Sconng l=very good 2=good 3=average 4e poor S=very poor 


(and the direction of decentring noted). A score of 2 
was reserved for more marked decentring. Eighteen 
(35%) were found to be correctly centred both 
horizontally and vertically, while 12 (23%) were 
found to be centred neither horizontally nor vertic- 
ally. Correct centring was found in 29 (56%) AEs 
horizontally only and 29 vertically only. Of those 
AEs with inaccurate centring the common deviations 
were outwards and upwards. There was no strong 
correlation between cosmetic group and centang, 
but there were fewer AEs with both horizontal and 
vertical deviation in the better cosmetic groups. 

We found that the absence of an orbital implant did 
not necessarily produce a worse cosmetic result, but 
that in general there was a smaller proportion of 
subjects without an implant in the better cosmetic 
groups and vice versa (columns 6 and 7 of table 2). 

Table 3 shows the patients by age and sex. There 
were 32 males and 20 females. In groups of 20 years 
the figures showed a correlation with cosmetic result, 
the younger patients tended to show better cosmetic 
results. 

There was no correlation between the reason for 
excision of the eye against cosmetic group (Table 4). 
The eyes were excised most commonly for choroidal 
melanoma and trauma (14 (2796) each). 

Finally we divided the subjects into their cosmetic 
groups and summed all the excision related features 
apart from movement ratio AE centring, lid laxity, 
and lid contour were already scored for each subject. 
Lid sulcus and palpebral aperture measurements 
were in millimetres and, if added to the scores, would 
have induced considerable bias. To avoid this, 
both measurements were scored on a 5 point scale 
(0-1-5 mm=0, 1-6-3-0 mm=2, 3:1-45 mm=3, 
4-6-6-0 mm=4, 6-1-7-5 mm-5). A similar scale was 
used to score orbital volume loss. A statistically 
significant correlation was found, in that total scores 
were less in the better cosmetic groups. The results 
are summarised in column 8 of Table 2. 


Discussion 


Our first aim was to see if excision related orbital 
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Table4 Reason for enucleation against cosmetic result 





Averaged scores 
Reason for enucleation n of cosmetic result 
Intraocular malignancy 14 30 
Rusk of sympathetic 14 25 
Bhnd pemful eye 20 26 
Other 4 25 


Sconng 1=very good 2=good Jeaverage 4==poor S=very poor 


volume loss’ could be measured. Orbital volume 
measurements have been done in the past, but only 
on skulls.** In vivo extrapolations have been made 
from linear measurements from radiographs’* or 
from CT scanning and image analysis,‘ which, though 
effective, is still relatively expensive. Exophthalmo- 
metry will give the relative positions of the cornea 
with respect to the orbital margin, but will give only a 
very rough idea of orbital volume changes. Although 
our method of measurement is indirect, 1t is a new, 
cheap, reproducible, and painless way of measuring 
orbital volume loss As with exophthalmometry, the 
absolute figures cannot be used for comparisons 
between patients, and the test could be misleading in 
cases of marked facial asymmetry. In an otherwise 
normal patient the technique was quick and accurate. 

As stated, we recorded seven features which were 
measurable departures from normal structure or 
function. Of these individual features the upper 
lid sulcus measurement was the only one to be 
correlated significantly with overall cosmetic result 
Upper lid sulcus measurement has been described 
by Hill and Radford,’ who measured the antero- 
posterior depth of the sulcus. We considered that the 
vertical extent of the sulcus would be more likely to 
affect cosmetic appearance. Both the presence of 
lower lid laxity and altered lower lid contour were 
moderately correlated with cosmetic result, though 
not with statistical significance. There was no other 
individual correlation, though, when summed, all the 
excision related features were correlated with overall 
cosmetic result. 

It has been suggested that many of the excision 
related abnormalities are linked. To compensate for 
either ptosis or orbital volume loss a larger artificial 
eye would be required This heavier artificial eye 
would, by gravity, press against the supporüng lower 
lid This would lead to some of the other abnormali- 
ties such as lower lid laxity and altered lower lid 
contour.' We thought this might in turn lead to the 
formation of an upper lid sulcus and the centring 
abnormalities. If this were true, one would expect 
those factors to be worse with increasing shell weight. 
This is not borne out by an analysis of the figures. We 
were unable to demonstrate any other correlations. 


Analysis of the factors involved in cosmetic failure following excision of the eye 


There are theories about the aetiology of some of 
the excision related abnormalities. These were sum- 
marised by DeVoe in 19452 The most interesting 
postulated that the reduction in orbital volume 
changes the direction of pull of the levator from 
upwards (round the globe) to backwards, thus pro- 
ducing an upper lid sulcus. If this were true, a direct 
link would be expected between orbital volume loss 
and upper lid sulcus. We were unable to demonstrate 
this. If we had used Hill and Radfords' method of 
measurement,’ such a correlation might have been 
found. 

In enucleation with unplant it is usual to suture the 
recti over or through the implant. The obliques are 
usually ignored. This abolishes their usual forward 
pull and may add to orbital volume loss and upper lid 
sulcus. This may account for the anecdotal reports of 
a better cosmetic result with evisceration where the 
muscle insertions are not disturbed. We had no 
evisceration patients ın the analysis and so were 
unable to comment on the cosmetic comparison 
between the results of enucleation and evisceration. 

We have confirmed the fact that after enucleation, 
in general, an orbital implant ıs desirable for better 
cosmetic result and motility. We did not find AE 
movement as good as has been reported else- 
where,” but this may be due to differences in 
measurement techniques. We looked at absolute 
movement ratios rather than measuring angular 
deviation of the AE, which we found difficult. 

This study tends to confirm that, in general, after 
enucleation young adults do well and the elderly do 
badly. We also found that the very young did well in 
this study, though this was a relatively small group. 

In summary, only the upper lid sulcus measure- 
ment was correlated significantly with cosmetic result. 
Other features were of lesser importance individu- 
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ally. Techniques of excision of the eye which do not 
lead to sulcus formation would seem preferable. 
Further study is required before a particular method 
of excision could be recommended. 

We were dismayed to find a number of AE fitting 
problems which we believe should have been avoided. 
Those who have had to undergo such a procedure 
should have the benefit of painstaking prosthetic 
fitting. 


We thank the consultant staff at tbe Birmingham and Midland Eye 
Hospital for allowing us to investigate their patients We also thank 
Mr Ivan Bradiey, sensor medical photographer, for tus photographic 


assistance 


References 


1 Witterman G, Scott R Enuckeaton and eviceration In 
Peyman G, Sanders D, Goldberg M, eds Principles and practice 
of ophthalmology Philadelphia Saunders, 1980. 2340 

2 Duke-Elder S Systern of ophthalmology London Kimpton, 
1965, 8: 1012-4 

3 Cooper WC A method for volume determination of the orbrt 
and its contents by mgh resolution axial tomography and 
quantitative digital analysts Trans Am Ophthalmol Soc 1985, 
83: 546-609 


4 Kennedy R Growth retardation and volume determmatons of 
the anophthalmic socket Am J Ophthalmol 1973, 76: 294-302 

5 DeVoe A Expenences with the surgery of the anophthaimuc 
socket Am J Ophthalmol 1945, 28: 1346-51 - 

6 Cutler N Fascu-lata transplant for retrotarsal atrophy of upper 
hd following enuckation Am J Ophthalmol 1946; 29: 176-9 

7 Hill J, Radford C Treatment of advancing enophthalmos m tbe 
ocular pros&thetüc patent A prehmunary report including a 
warning Am J Ophthalmol 1965, 60: 487-92 

8 Soll D The anophthalmic socket Ophthalmology 1982, 89: 
407-23 

9 Roper-Hal] M Orbital implants Trans Ophthalmol Soc UK 
1954, 74: 337-46. 

10 Myska V, Roper-Hall M Late follow-up of acrylic magnetic 
orbital implants. Proc R Soc Med 1970, 63: 7-9. 


Accepted for publication 17 July 1987 


British Journal of Ophthalmology, 1988, 72, 714-777 


Marginal corneal abscess associated with adult 
chlamydial ophthalmia 


S-DAROUGAR and N D VISWALINGAM 


From the Section of Virology, Institute of Ophthalmology, Judd Street, London WC1H 9QS, and the External 
Eye Diseases Clinic, Moorfields Eye Hospital, City Road, London ECIV 2PD 


SUMMARY In four patients with an adult chlamydial ophthalmia small, marginal corneal abscesses 
were detected. These corneal abscesses were associated with unilateral papillary and follicular 
conjunctivitis and punctate keratitis. In these patients no bacteria was isolated from the abscesses, 
but Chlamydia trachomatis was isolated from materials collected fróm the abscesses and from the 
conjunctival swabbings. In addition all patients had microbiologically proved concomitant 
chlamydial genital infections. The clinical signs resolved after topical treatment with rifampicin or 
tetracycline eye ointment for six weeks or systemic treatment with tetracycline for two weeks. 
Because of concomitant chlamydial genital infection it is advisable to treat patients with adult 
chlamydial ophthalmia with systemic tetracycline and to refer these patients and their consorts for 


investigation and treatment of their genital infection. 


Adult chlamydial ophthalmia (ACO) of sexually 
transmitted origin has been reported with increasing 
frequency.! The infection is commonly associated 
with papillary and follicular responses in the 
palpebral conjunctiva, fine or coarse epithelial and 
subepithelial punctate keratitis?» In this report 
we present four cases of corneal abscess which 
developed in association with chlamydial conjunc- 
tivitis and in which Chlamydia trachomatis was 
isolated from the abscess material. 


Material and methods 


CLINICAL EXAMINATION 
The patients were referred to the External Eye 
Diseases Clinic, Moorfields Eye Hospital, London. 
They were examined by a Haag-Streit slit-lamp, and 
the severity of symptoms and signs was graded and 
recorded as described previously.‘ 


LABORATORY INVESTIGATIONS 
Chlamydial culture. Conjunctival swabbings were 
collected from all areas of palperbral conjunctiva.’ 
Swabbings were also collected from the corneal 
abscess after the cornea had been washed several 
times and the epithelium over the abscess removed. 
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Each swab was placed in a plastic vial containing 2SP 

rt medium‘ with additional fetal bovine serum 
3% v/v. The methods of transport and storage of the 
specimens and methods of culture in irradiated 
McCoy cells or cycloheximide treated McCoy cells 
are described elsewhere.’* 

Bacterial culture. Swabs for bacterial cultures were 
collected from the lower fornix of the palpebral 
conjunctiva, the lid margins, and the corneal abscess 
separately and plated on blood agar for bacterial 
culture. 

Antibody detection. Blood samples were collected 
by venepuncture or by sponges following a finger 
prick.” These were tested by a modified micro- 
immunofluorescence test" for the presence and levels 
of type-specific antichlamydial antibodies. 


Results 


CASE 1 

A 26-year-old married woman presented with a 
seven-month history of a slightly red and irritable 
right eye, with a sticky yellowish discharge. During 
this period she had been treated with chloram- 
phenicol drops 0-596 or neomycin drops 0:596, and 
more latterly with prednisolone drops 0-396, all of 
which gave temporary relief. For five days she 
experienced an increasing gritty sensation and severe 
photophobia. 
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The visual acuity in the right eye was 6/12 and in the 
left 6/6. In the right eye there was a slight ptosis of the 
upper lid, and the bulbar conjunctiva was mildly 
chemotic and hyperaemic. The palpebral conjunctiva 
showed a moderate papillary and follicular hyper- 
plasia. At the limbus an active limbitis with a 1 mm 
pannus and associated marginal diffuse infiltration 
were present. The cornea showed some coarse 
epithelial and subepithelial punctate keratitis near 
the limbus. At the 6 o'clock position there was a well 
circumscribed corneal abscess measuring 2 mmx 
3 mm involving the epithelium to mid stroma, with a 
mild stromal oedema surrounding the abscess. No 
other abnormality was detected in the anterior or 
posterior segment of the eye. The cornea of the left 
eye was clear, while the palpebral conjunctiva 
showed a mild papillary and follicular reaction. 
Bacterial culture of the abscess material and con- 
junctiva was negative, whereas a few colonies of 
Staphylococcus epidermidis were isolated from the 
lid margins. C. trachomatis was isolated from the 
corneal abscess and conjunctiva. Serum IgG anti- 
body against C. trachomatis serotypes D to K was 
present at a level of 1/256. Subsequent genital 
examination showed a gross cervicitis and a positive 
chlamydial culture. 

The patient recovered fully after two weeks of oral 
doxycycline with an initial dose of 300 mg followed by 
100 mg daily, There was no recurrence of infection 
during the six months’ follow-up. 


CASE 2 

A man 48 years old had a six-week history of 
progressive redness, a mucopurulent discharge, and 
photophobia of the right eye. 

The visual acuity in the right eye was 6/9 and in the 
left eye 6/6. The bulbar conjunctiva of the right eye 
was mildly hyperaemic, while the palpebral conjunc- 
tiva showed severe papillary and follicular hyper- 
plasia mainly in the fornices. The right cornea 
showed epithelial erosions, and fine and coarse 
epithelial punctate keratitis mainly in the upper half. 
The left eye was normal. He was treated with 
rifampicin eye ointment 1% three times daily for six 
weeks, with good resolution of clinical signs and 
symptoms. 

Two weeks after completion of the above treat- 
ment he returned to the clinic complaining of redness 
and intense photophobia in the right eye. The bulbar 
conjunctiva of the eye was moderately hyperaemic, 
while the palpebral conjunctiva showed a fairly 
moderate papillary and follicular reaction. There was 
a little scattered epithelial punctate keratitis mainly 
in the upper half of the cornea. At the 10 o'clock 
position a well circumscribed corneal abscess 
measuring 2-5 mmx 1:5 mm was present. A mild 





Marginal corneal abscesses (arrowed) associated 
with adult chlamydial ophthalmia (case 3). 


Fig. 1 


stromal oedema surrounded the abscess, with a faint 
flare in the aqueous. No other abnormality was 
detected in the anterior and posterior segments of the 
eye. The left eye was normal. Bacterial culture of the 
abscess material and conjunctiva was negative, but a 
few colonies of Staphylococcus epidermidis was 
isolated from the lid margins. C. trachomatis was 
isolated from the corneal abscess and conjunctiva. 
Serological test showed the presence of IgG antibody 
against C. trachomatis serotypes D to K at a level 
1/32. 

The patient was treated with achromycin eve 
ointment three times daily for six weeks. Subse- 
quently he was treated with oral tetracycline for two 
weeks because of a chlamydial genital infection. The 
patient recovered fully after treatment, and there was 
no recurrence of infection. during the one-year 
follow-up. 


CASE 3 
A man 28 years old presented with a three-week 
history of a red, sticky, and irsitable right eye. 

The visual acuity was 6/12 in the right eye and 6/6 in 
the left eve. The lids of the right eye were swollen, 
there was a tender preauricular and submandibular 
lymphadenopathy, a mucopurulent discharge, and 
severely hvperaemic bulbar conjunctiva. The 
palpebral conjunctiva showed a severe papillary and 
follicular hyperplasia. The follicles were predomi- 
nantly in the upper and lower fornices. A few follicles 
were also present on the plica and caruncle. The 
limbus was oedematous, with marginal diffuse infil- 
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tration and a micropannus. In the cornea three small 
but discrete and well circumscribed abscesses close to 
the limbus were present (Fig. 1). The largest was at 
the 3 o'clock position and measured 2 mmx3 mm, 
with a mild stromal oedema round it. There were a 
few folds in the Descemet's membrane and mild flare 
in the anterior chamber. No other abnormality was 
detected in the anterior and posterior segments of the 
eye. The cornea of the left eye was clear, while the 
palpebral conjunctiva showed a mild papillary and 
folicular hyperplasia. Bacterial cultures of the 
abscesses and conjunctiva were all negative. C. 
trachomatis was isolated from the corneal abscesses 
and conjunctiva. Serum IgG antibody against C. 
trachomatis D to K was detected at a level of 1/128. 
The patient was treated with rifampicin eye oint- 
ment three times daily for six weeks, which was 
supplemented with oral tetracycline for two weeks 
because of a chlamydial genital infection. The patient 
recovered fully after treatment, and there was no 
recurrence of infection during the one-year follow- 


up. 


CASE 4 

A man 23 years old attended the clinic with a 10-day 
history of a red, painful, photophobic, and sticky 
right eye. He also complained of increasing aching in 
the right ear. 

The visual acuity in the right eye was 6/9 and in the 
left eye 6/5. The right upper lid showed slight ptosis, 
and the bulbar conjunctiva was moderately hyper- 
aemic. A non-tender nght preauricular and sub- 
mandibular lymphadenopathy was present. The right 
cornea showed a micropannus, some marginal 
punctate keratitis, and at the 10 o'clock position a 
well circumscribed abscess slightly away from the 
limbus measuring 2 mm X2 mm and surrounded by a 
very mild stromal oedema. The palpebral conjunc- 
tiva showed severe papillary and follicular responses. 
No other abnormality was detected m the right eye. 
In the left eye, apart from a mild papillary hyper- 
plasia of the upper tarsal conjunctiva, no other 
abnormality was present. Bacterial culture of the 
abecess material was negative, but a few colonies of 
Staphylococcus epidermidis and Bacillus xerosis were 
isolated from the conjunctiva and lid margins. C. 
trachomatis was isolated from the corneal abscess 
and conjunctiva. Serum IgG antibody against C. 
trachomatis serotypes D to K was detected at a level 
of 1/256. 

The patient was treated with rifampicin eye oint- 
ment three times daily for six weeks. He was 
subsequently treated with oral tetracycline because 
of a chlamydial genital infection. He recovered fully 
after treatment, and there was no recurrence of 
infection during the one-year follow-up. 
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Discussion 


The four cases of ACO reported had developed small 
marginal abscesses which were associated with a 
unilateral papillary and follicular conjunctivitis and 
punctate keratitis. The people specially at risk of 
developing a corneal ulcer and/or abscess are contact 
lens wearers, those who have had corneal surgery or 
trauma or comeal surface disorders, and those with 
chronic bacterial conjunctivitis." In these cases the 
corneal abscess tends to be large, and it is generally 
associated with severe blepharitis, or a contact lens 
which is not sterilised routinely, or trauma, or 
corneal surface abnormalities associated with 
abnormal tear function. Our patients did not belong 
to any of these risk groups. Bacterial cultures from 
their corneal abscesses were all negative. C. 
trachomatis was isolated from the abscess material, 
and all the patients had microbiologically proved 
concomitant chlamydial ocular and genital infec- 
tions. It may be argued that the isolation of C. 
trachomatis from the abscess material may have been 
due to contamination of the corneal specimen with 
tears containing infectious chlamydial particles shed 
from the conjunctiva. In order to avoid such contami- 
nation we kept the lids apart to prevent blinking, 
washed the cornea several times, and ruptured the 
abscess membrane prior to collection of the specimen 
from the abscess. 

The corneal abscesses which developed in our 
patients were rather small; hence clinically they 
might be mistaken for subepithelial punctate keratitis 
(SEPK) or marginal abscess associated with 
blepharoconjunctivitis. Generally SEPK presents as 
dull yellow and small opacities (less than 1 mm in 
diameter) located in the subepithelial and superficial 
stroma and with no stromal oedema.’ In contrast the 
corneal abscesses detected in our patients were dense 
white lesions located more deeply in the stroma and 
were surrounded with stromal oedema. The clinical 
differential diagnosis of chlamydial corneal abscess 
from bacterial marginal abscess is not feasible; hence 
it is necessary to rely on chlamydial and bacterial 
diagnostic tests. 

In our patients the corneal abscesses and conjunc- 
tivitis responded well to both topical and systemic 
antichlamydial treatment. However, because of con- 
comitant genital infection we recommend systemic 
treatment with tetracycline and referral of patients 
and their consorts for investigation of chlamydial 
genital infection and necessary treatment. 
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Optic nerve involvement in a case of methanol 


poisoning 
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From the Department of Ophthalmology, Uppsala University, Uppsala, Sweden 


SUMMARY The eyes and optic nerves were studied histologically in a fatal case of methanol 
poisoning in a 37-year-old man. The most striking findings were bilateral central necrosis of the 
optic nerves from behind the lamina cribrosa to the orbital apex. Proximal parts of the nerve and 
the tract showed no necrosis. It is suggested that the complex blood supply of the nerve may be of 


importance. 


Methanol intoxication is a well known cause of 
blindness in man, the most common observation 
being oedema of the posterior retina and the optic 
nerve head. Later optic nerve atrophy develops. The 
whole sequence of events is thoroughly described by 
Benton and Calhoun’ from the Atlanta catasrophe, 
when 320 persons sought emergency medical care 
after drinking whisky containing 35% methanol and 
1576 ethanol. Post-mortem examinations of affected 
eyes have mainly been concentrated on the retina, 
where oedema and ganglion cell degeneration have 
been the main findings." However, although optic 
nerve lesions has been suspected, the optic nerve has 
only infrequently been investigated. 

The object of the present report is to describe a 
lethal case of methanol poisoning in which optic 
nerve changes were found. 


Case history 


The patient, a 42-year-old man, was admitted to the 
University Hospital in Uppsala after drinking on the 
previous day a liquor which was later found to 
contain 80% methanol and no ethanol. On admission 
he was unconscious ahd severely acidotic. He had 
à blood methanol concentration of 114 mmol/l. 
No ethanol could be detected. The acidosis was 
corrected within a short time and the methanol 
concentration diminished by peritoneal dialysis. He 
was seen by an ophthalmologist on the third day. The 
pupils were small but reacted to light with a small 
amplitude. Bilaterally there was slight oedema of the 
optic nerve heads and of the retinae at the posterior 
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pole. There were no haemorrhages. Computed 
tomography of the cranium on the same day revealed 
bilateral necrosis of the putamen regions.‘ The 
patient developed pneumonia which was resistant to 
treatment, and, still unconscious, he died on the 20th 
day after the accident. 
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Fig. 1 
before the nerve fibres reach the lamina cribrosa (arrows). 
Luxol fast blue, x 8. 


Optic nerve head showing the central necrosis ending 
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Fig. 2A 





Fig. 2C 


OCULAR PATHOLOGY 

Both eyes with their optic nerves and tracts were 
investigated after formalin fixation. The eyes were 
opened horizontally and showed pale, slightly 
wrinkled retinae without visable haemorrhage. The 
histological sections from the eye globes displayed no 
changes in the anterior segment. The optic nerve 


Fig. 2B 





Fig. 2D 


Fig.2 Cross sections of the right (A-C) and left (D-F) 
optic nerve taken 1 cm (A and D) and 2 cm (B and E) behind 
the eye globe and from the apical region (C and F). The 
central necrosis is seen in the anterior parts of the nerve 
(A-C). A-C: H and E, x7:5, D-F: luxol fast blue, x9. 


heads looked normal, but the cut surface of the 
orbital parts of the optic nerves showed pale central 
areas. This change was not seen in the optic canal 
parts of the nerves or in the optic tracts. 
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Fig.2E E Fig.2F 


Each retina was partly detached by a subretinal Slight irregularity of the outer and inner nuclear 
serous effusion, and slight retinal oedema was noted. — layers and eosinophilic granularity of the plexiform 
The ganglion cells were slightly enlarged, and in layer were also seen. 
many places the nuclei were laterally displaced. The optic nerves showed axonal necrosis in the 





Fig. 3 High-power micrograph from the border between the necrotic (lower part) and the normally appearing nerve fibres. 
Note the lack of inflammatory reaction. Toluidine biue, x 430. 
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centre, with a sharp border where they met the 
normally appearing axons in the periphery. The 
changes extended from 1 mm behind tbe lamina 
cribrosa (Fig. 1) to the orbital apex (Figs. 2A—F). 
There was no inflammatory reaction adjacent to the 
necrosis (Fig. 3). The lumina of the vessels were 
open. Myelin staining of the nerve from within the 
optic canal or from the optic tracts displayed paler 
staining than normal, possibly due to post-mortem 
changes. There were, however, no necrotic changes 
in the nerve proximal to the orbit. The lateral 
genicular nucleus appeared normal. 


Discussion 


The changes in the optic nerves are remarkable. 
Many authors have speculated about a possible optic 
nerve lesion but only oedema of the nerve has been 
reported.?** The changes in the retinal ganglion cells 
have been postulated to be secondary to retrograde 
degeneration of optic nerve axons and not caused by 
the methanol intoxication itself. "* In recent reports 
myelin change in the retrolaminal pert of the nerve 
was observed ^" Animal experiments have also 
shown optic nerve involvement. Birch-Hirschfeld? 
described myelin degeneration in a rabbit two weeks 
after methanol poisoning. Signs of axonal necrosis 
combined with venous congestion and oedema were 
seen in apes by Pick and Bielschowsky? after 2-3 
weeks. In an experiment with rabbits Fanta and 
Mayer-Oberditsch" found only optic nerve oedema. 
The selective bilateral damage of the orbital part of 
the optic nerve is difficult to understand. In the cases 
reported the changes started 1-2 mm behind the 
lamina cribrosa and involved the orbital part of the 
nerve only. The blood supply may be of importance. 
The immediate postlaminar part is abundantly 
supplied by the short posterior ciliary artery. The 
orbital part is supplied by the pial plexus, with 
branches from the ophthalmic artery extending per- 
pendicularly into the nerve, providing a generous 
perfusion especially of the nerves at the periphery." 
This may to some extent explain why the central part 
of the nerve is more vulnerable. The perfusion of the 
central parts of the nerve from a central optic nerve 
vessel with different extension may be of import- 
ance.'*" The central infarctions suggest a collapse of 
the capillary bed, as has been suggested for similar 
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changes in a case of bilateral ischaemic optic neuro- 
pathy.” 
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a case report 
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SUMMARY A primary haemangiopericytoma of the lacrimal sac in a 45-year-old male is reported. 
The neoplasm, highly unusual in this location, recurred twice before being correctly identified. 
Total excision with surrounding tissue appears to be the treatment of choice for this tumour, the 


behaviour of which is often unpredictable. 


After the concept of haemangiopericytoma as a 
tumour of pericytes was introduced by Stout and 
Murray in 1942,' its occurrence has been reported in 
many parts of the body, most often in the head and 
neck. In the ophthalmic literature we find it reported 
mainly in the orbit as single case reports or as 
clinicopathological studies of larger series.' To our 
knowledge only one case has been previously 
observed in the lacrimal sac.* 


Case report 


The patient, a 45-year-old male, traced his clinical 
history back to when he was 40. Then he began 
complaining of a progressively increasing right eye 
epiphora which led after about six months to a 
dacryocystorhinostomy. The patient remained free 
of symptoms for several months, after which the 
epiphora recurred and a mass appeared below the 
right medial canthus. The mass was for some time 
reducible, as if due to dilatation of the lacrimal sac; 
later on it acquired the clinical features of a slowly 
growing neoplasm. Surgical intervention 24 months 
after dacryocystorhinostomy revealed a tumour 
involving the entire lacrimal sac. It was then 
histologically diagnosed as a ‘benign cellular 
schwannoma’. The neoplasm recurred one year later, 
necessitating a second operation. A further recur- 
rence became apparent seven months later, at which 
time the patient was sent to our clinic for consulta- 
tion. 

Physical examination revealed a firm, non-mobile 
subcutaneous mass bulging below the right medial 
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canthus (Fig. 1). The mass was painless, and the 
overlying skin, not involved by the tumour, was 
hyperthermic by 2°C when compared with the 
opposite site. The CT scan showed a solid tumour 
with well defined contours occupying the bone defect 
left by the previous dacryocystorhinostomy. The 
tumour projected into the nasolacrimal duct, which 
was markedly dilated (Fig. 2). At surgery the tumour 
appeared under the medial palpebral ligament as a 
well circumscribed mass, surrounded by dense con- 
nective tissue and engaged in the nasolacrimal duct. 
After sectioning of the ligament the tumour was 
removed together with the surrounding tissue and the 
mucosa of the nasolacrimal duct. Infiltrating areas 





Fig. 1 
recurrence, showing the tumour mass bulging just below the 
right medial canthus 
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Clinical photograph taken at the time of the second 
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were not found, and the tumour mass could be easily 
removed in toto. 

On its cut surface the neoplastic tissue was firm, 
greyish-white, and homogeneous, with a slightly 


multinodular texture. Microscopically the tumour 


showed a prominent vascular pattern, best appreci- 


ated with reticulin stain, with tightly packed oval or 


spindle shaped cells growing haphazardly around 
thin-walled vascular channels (Figs. 3. 4). The 


tumour cells were uniform, with plump nuclei, ill- 
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Fig.2 Coronal (left) and axial CT 
scan (top right) show the tumour 
filling the bone defect, but no 
destruction of the bony margins 
On lower axial scan (bottom right) 
the enlarged nasolacrimal canal is 
seen (compare with the opposite 
canal on the same scan). 


defined cytoplasmic borders, and a moderate degree 
of anaplasia (Fig. 5). Scattered areas were highly 
cellular, with four to five mitotic figures in 10 high- 
power fields. A fibrous capsule surrounded the entire 
neoplasm. Neither haemorrhage nor necrosis was 
observed, nor was vascular or capsular invasion. The 
immunohistochemical stain for S-100 protein was 
negative throughout the tumour tissue. The factor- 
VII-related antigen was present only in the endo- 
thelial cells lining the vascular spaces. 


Fig.3 Thetumour cells proliferate 
around and between thin walled 
vessels and vascular spaces lined by 
a flattered endothelium. H and E, 

x 100. " 
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Fig.4  Reticulin stain outlining the 
vascular structures ramifving 
throughout the tumour tissue, and 
the reticulin meshwork between the 
proliferating cells periphercl to the 
vascular channels. Gomori's 
method, x 100. 


Because of the morphological and immunohisto- 
chemical findings the diagnosis of haemangio- 
pericytoma was suggested. We subsequently had the 
opportunity to review the slides of the previous 
histological examinations: the  haemangioperi- 
cytomatous pattern was already present, though 


Fig.5 In the most cellular areas 
the tumour cells have uniform 
larger nuclei, are in a disorderly 
arrangement, and compress the 
vascular channels. H and E, x 200. 
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somewhat inconspicuous, since the vascular spaces 
were compressed and obscured by the proliferating 
cells. Compared with the previous slides the present 
morphology showed an increased cellularity of the 
neoplasm, with higher mitotic index and an increase 
in the degree of cellular anaplasia. 
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The postoperative course was uneventful and the 
patient was dismissed without any further therapy. 
Three and a half years after the last operation he was 
alive and free from signs of recurrence or metastasis 
to distant sites. 


Discussion 


Haemangiopericytoma is an uncommon neoplasm, 
and knowledge of its clinical manifestations, bio- 
logical behaviour, and treatment derives largely from 
cases affecting soft tissues. Its histological identifica- 
tion and differentiation from imitators rests entirely 
on adequate sampling from various areas of the 
tumour to demonstrate the uniform cell population 
and the uniform histological appearance. In the 
present case previous consultants had interpreted the 
lesion as a benign cellular schwannoma. We rejected 
this interpretation on the grounds of both the 
morphological and the immunohistochemical find- 
ings in the recurring tumour. Further, the thermo- 
graphic findings gave a possible clue to the nature of 
the tumour, indicating its high vascularity 

The morphological distinction, or grading, of 
haemangiopericytomas in terms of their malignant 
potential is difficult and somewhat controversial. 
Some authors maintain that accurate grading is 
possible and useful, while others have presented 
evidence that the assessment of the malignant poten- 
tial from morphological features is not reliable.5 This 
was also the experience of Croxatto and Font’ in their 
series of orbital tumours, where recurrences and 
metastases developed in cases classified benign or 
borderline. 

In our case not all the morphological signs of 
malignancy were present, while the clinical history 
clearly indicated an aggressive behaviour, with recur- 
rences within a short span of time. The first clinical 
symptoms, as in most lacrimal sac tumours, appeared 
long before the tumour growth became evident, 
mimicking a chronic dacryocystitis or a post inflam- 
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matory stenosis of the lacrimal tract, thus leading to a 
delay in correct diagnosis and appropriate therapy. 
But in our case both the clinical history and the 
morphology of the lesion, which changed on succes- 
sive histological examinations, suggest that the neo- 
plasm may have been benign at first, becoming 
malignant only later in its natural history. Such a 
course has also been observed by Massarelli et al.” in a 
haemangiopericytoma of the parotid gland. It is also 
reported, however, that a borderline malignant 
appearance may not significantly change over a span 
of many years.* 

A wide total incision of the tumour, whenever 
possible, appears to be the treatment of choice. The 
efficacy of radiotherapy and chemotherapy is not 
established at present. If removal is incomplete, 
recurrences are almost the rule. The local recurrence 
rate for this tumour varies from 17 to 8096 and is 
dependent also on the site of the lesion: in the orbit it 
approaches 3096 .? However, long follow-up periods 
are mandatory, as the tumour may recur as long as 20 
or more years after the initial surgical treatment. 
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SUMMARY A case of primary Ewing's sarcoma of the orbit and paranasal sinuses in a 6-yearold boy 
is reported. The child presented with headaches and unilateral visual loss. Loss of vision as a result 
of optic nerve involvement with primary Ewing's sarcoma is extremely rare. 


Ewing's sarcoma is a malignant small round-cell 
tumour typically occurring in the first and second 
decades of life' and classically involving the long 
bones of the limbs, the ribs, or the pelvis.“ Primary 
Ewing’s sarcoma of the head and neck region is 
unusual and generally involves the mandible or 
maxilla.’ We describe a case involving the orbit and 
paranasal sinuses in a child with a long history of 
headache and apparently normal initial findings, who 
ultimately developed visual loss as a result of optic 
nerve involvement with primary Ewing’s sarcoma. 


Case report 


A 6-year-old boy was referred to the Hospital for Sick 
Children, Toronto, for investigation of headaches 
and visual loss. His symptoms had started six months 
previously with a right frontal headache that lasted 
three days. The headache then recurred every few 
weeks, lasting up to two hours cach time. He was 
examined on several occasions by his general practi- 
tioner, but no abnormality was found. There had 
been no history of vomiting, nasal obstruction or 
discharge, systemic symptoms, weight loss, or visual 
problems at that time. A plain radiograph of the skull 
taken shortly after thé onset of the headaches was 
reported as normal (Fig. 1A). 

Seven days before admission the boy complained 
of a severe headache and said that his vision was 
'going black' in the right eye. Profound visual loss 
was present in that eye. Repeat plain skull films 
demonstrated widening ofthe superior orbital fissure, 
disruption of the medial third of the sphenoidal ridge, 
destruction of the planum sphenoidale, and opacifi- 
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cation of the right ethmoid sinus (Fig. 1B). The 
patient was referred to this centre for further exami- 
nation and management. 

On admussion, the child was alert, co-operative, 
and in no distress. Vision in the right eye was limited 
to bare perception of light temporally. In the left eye 
the visual acuity was 6/6 and the visual field was full 
on Goldmann perimetry. There was 2 mm of nght 
axial proptosis measured with the Hertel exophthal- 
mometer. External examunation was otherwise 
normal. No periorbital masses were palpable round 
the eye. Ocular motility was unremarkable except for 
a slight limitation of abduction on the right. The 
pupils were equal, round. and reactive, but there was 
a4- right relative afferent pupillary defect. Examina- 
tion of the right fundus revealed a swollen, elevated 
optic disc with venous engorgement and some loss of 
the nerve fibre layer. The left fundus was normal. 

A computed tomography (CT) scan (Figs. 2A, 2B) 
showed a large, uncalcified, hyperdense soft-tissue 
mass involving both ethmoid sinuses, the sphenoid 
sinus, and the right orbit. The tumour eroded 
through the planum sphenoidale and the roof of the 
right orbit, extending superiorly and posteriorly into 
the anterior and middle cranial fossae. The medial 
and lateral walls of the right orbit were involved 
posteriorly, so that the proximal portion of the optic 
nerve could not be delineated from tumour. More 
anteriorly there was lateral displacement of the optic 
nerve and medial rectus muscle associated with 
extensive destruction of the medial wall of the orbit 
The left orbit appeared uninvolved. The tumour 
showed homogeneous contrast enhancement, with 
a generally well-defined border in the portion extend- 
ing intracranially, suggesting that it was extradural. 

General examination, ear, nose, and throat exami- 
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Fig. lA 


Fig.l Plain radiographs of the skull. A: Six months before 
admission. B: At the time of admission for investigation of 
right visual loss. Note widening of the right superior orbital 
fissure (arrows) 


nation, and neurological assessment were normal. 
Aninvestigation for metastases, which included bone 
and gallium scans, a liver-spleen scan, a CT scan of 
the chest, bone marrow biopsy and aspiration, and 
examination of cerebrospinal fluid cells failed to 
demonstrate any other lesion. 

An ethmoidectomy and biopsy of tissue from the 
sphenoid sinus performed under general anaesthesia 
demonstrated Ewing's sarcoma. 


COURSE 
After surgery the child underwent a course of 
radiation and chemotherapy. 50 Gy targeted to 
the right orbit and surrounding areas of tumour 
involvement were administered in 25 fractions, with 
shielding of the left eye. The patient was prescribed 
intravenous vincristine, cyclophosphamide, and acti- 
nomycin D as a seven-day course once a month. One 
dose of cytosine arabinoside, methotrexate. and 
hydrocortisone was given intrathecally. Six weeks 
after treatment was started a CT scan showed 
dramatic shrinkage of the soft-tissue tumour. A CT 
scan seven months after starting treatment showed 
healing of the lytic bony lesions, with no recurrence 
of the tumour mass (Figs. 2C, D). 

Nine months after diagnosis the patient continued 
to receive chemotherapy. He was well and free of 


Fig. 1B 


headaches. In his right eye there was no light 
perception and marked optic disc pallor had devel- 
oped. Visual acuity, visual field, and fundus appear- 
ance in the left eye remained normal. 


HISTOPATHOLOGY 
Tissue for light microscopy was fixed in 10% buffered 
formalin, processed routinely, and embedded in 
paraffin. Sections were stained with haematoxylin 
and eosin (H and E) and periodic acid Schiff 
(PAS), with and without diastase pretreatment. 
For immunohistochemistry, sections were stained by 
the peroxidase-antiperoxidase (PAP) technique 
using desmin (Euro Diagnostics, Apeldoorn, 
Netherlands), myoglobin (Miles Scientific, Naper- 
ville, Illinois), actin (Dr S. Huang, Sunnybrook 
Medical Centre, Toronto), S-100 protein (Dako- 
patts, Glostrup, Denmark), vimentin (BioGenex. 
Dublin California). neurofilament (Euro Diag- 
nostics), and common leucocyte antigen (Dako). 
Tissue for electron micrdscopy was fixed in 
1% glutaraldehyde and 4% paraformaldehyde and 
embedded in Epon-Araldite. Sections were stained 
with uranyl acetate and lead citrate. 


LIGHT MICROSCOPY 

Large clusters and sheets of tumour cells infiltrated 
bony and soft tissues of the biopsy specimen (Fig. 
3A). Tumour cells had uniform round to oval nuclei 
with dispersed chromatin and occasional nucleoli 
(Fig. 3B). These cells had a scanty to moderate 
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Fig. 2C 


Fig.2 Coronal and axial CT scans of the orbits. A, B: At the 
time of admission for investigation of right visual loss. Note 
the well-defined superior border of the tumour (arrows). 

C. D: Seven months after starting treatment. Note the 
resolution of the tumour, with substantial healing of the lytic 
bony lesions. 


amount of vacuolated cytoplasm, which stained for 
PAS-positive diastase-labile material, indicating the 
presence of glycogen (Fig. 3C). No evidence of 
rosette formation or rhabdomyoblastic differentia- 
tion was seen. 

. 
IMMUNOHISTOCHEMÍSTRY 
Antibody staining was positive for vimentin only 
(Fig. 3D). Staining for desmin, myoglobin, and 
actin (skeletal muscle markers). for neurofilaments, 
S-100 protein and neuron-specific enolase (neural 
markers), and for common leucocyte antigen (a 
lymphoid tissue marker) was negative. 


ELECTRON MICROSCOPY 
On electron microscopy the tumour cell nuclei con- 


Fig. 2D 


tained clumped chromatin at their periphery and 
a rare nucleolus. The cells possessed a moderate 
amount of cytoplasm, in which large lakes of 
glycogen were prominent (Figs. 4A, B). The cyto- 
plasm was relatively simple. with occasional mito- 
chondria and numerous free ribosomes. Occasional 
tight junctions were identified between tumour cells 
(Fig. 4C). There was no evidence of neurosecretory 
granules or neurofilaments. Cytoplasmic processes 


Fig3 A: Photomicrograph of ethmoid bone showing 
infiltration of marrow spaces by a tumour composed of small 
round cells. Edges of bony trabeculae show scalloping 
indicative of resorption. (H and E, x 138). B: Higher 
magnification of the tumour showing a uniform sheet of small 
cells with round, bland nuclei and small amounts of clear 
cytoplasm. (Hand E, x 553). C: tumour cells stained for 
glycogen, showing abundant deposits within the cytoplasm 
(arrowheads). (PAS with haematoxylin, x 553). D: Tumour 
cells stained for vimentin by immunoperoxidase technique. 
showing perinuclear staining: nuclear counterstain has been 
omitted. (Immunoperoxidase, * 553.) 


Fig.3B 


Fig.3D 
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were poorly developed. There were no thick or thin 
filaments, and no Z-band material was seen. 


Discussion 


The history of rapid visual loss, together with optic 
disc swelling and a small degree of proptosis, in a 
patient ın this age group suggested the possibility of 
an orbital tumour such as rhabdomyosarcoma. The 
CT appearance suggested that the large, soft-tissue 
tumour could be biopsied by infracture of the inferior 
turbinate, notwithstanding the intact nasal mucosa 
and clinically normal ENT examination. . 

Histologically a small round-cell tumour was found. 
Based on light microscopy, the differential diagnosis 
at this patient’s age included rhabdomyosarcoma, 
lymphoma, neuroblastoma, and Ewing’s sarcoma. 
Light, immunohistochemical, and electron micro- 
scopy demonstrated characteristic features of 
Ewing’s sarcoma, including relatively simple cyto- 
plasm. with few intracytoplasmic organelles, the 
presence of intracytoplasmic glycogen, occasional 
tight junctions, and positive staining for vimentin 
Cell markers and ultrastructural features of neural, 
skeletal, and lymphoid tumours were absent. The 
thorough search for another primary site was nega- 
tive, confirming that the tumour was a primary 
Ewing’s sarcoma of the nght orbit and paranasal 
sinuses. 

Orbital Ewing’s sarcomas are usually metastases 
from distant sites.*’ In Coley and colleagues! review 
of 91 patients with primary Ewing’s sarcoma seen 
over a 30-year period there was no patient with a 
primary tumour in the head and neck. More recently 
primary tumours in this region have been recognised 
as accounting for 2-3% of all Ewing’s sarcomas, with 
most of these affecting the mandible.** The pre- 
viously reported cases of primary Ewing’s sarcoma 
arising in the orbital region have presented with a 
visible exostosis’ or a massive intracranial tumour?" 
or both.” ? 

Harbert and Tabor" described a 19-year-old man 
who presented with temporal fossa swelling, gross 
proptosis, and diplopia, but minimal impairment 
of vision. His massive tumour originating in the 
temporal fossa was demonstrated histologically to 
be Ewing’s sarcoma, and it proved fatal within a 
few months despite radiotherapy. Yamada and Taka- 


Fig.4A: Electron micrograph showing tumour composed 
of cells with round to slightly convoluted nuclei, occasional 
nucleoli, and occasional cytoplasmic organelles, mainly 
mutochondna and free nbosomes. Large glycogen lakes 
(arrowheads) are prominent (x7000 ) B. Higher power ofa 
single tumour cell showing cytoplasmic glycogen deposits 
(G) (x10 500.) C: Portions of two tumour cells showing 
occanonal cell junction formations. (x 14875 ) 
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hashi" described the post-mortem pathology of a 
patient with a large intra- and extracranial primary 
Ewing’s sarcoma that involved the orbital region. 
Alvarez-Berdecia et al." reported on a 6-year-old 
boy who presented with headaches and a rapidly 
growing tender exostosis on his forehead. He had 
papilloedema associated with a massive intracranial 
tumour ansing from the supraorbital region and 
occupying most of the anterior cranial fossa. Vision 
in the eye was 20/50 (6/15). Beraud and Fortin" 
described two cases of Ewing’s sarcoma with intra- 
cranial extension and papilloédema but apparently 
no direct involvement of the optic nerve. Both of 
these patients died within three weeks of presenting 
with a bony swelling in the temporal region. More 
recently Howard and Lund" reported on a patient 
who presented with an exostosis palpable over the 
nasal bridge and apparently normal visual function; 
he had a prumary Ewing's sarcoma of the ethmoid 
sinus. 

Our patient's presentation differed substantially 
from those described previously in the literature. 
This boy had no externally visible lesion and minimal 
proptosis. His principal complaints were headache 
and profound visual loss. To the best of our know- 
ledge this is the first case of a primary Ewing's 
sarcoma presenting with substantial visual loss. 

Small round-cell tumours of the orbital region 
producing visual loss are not rare in the first and 
second decades of life,*" but typically they are 
lymphomas or rhabdomyosarcomas. When poorly 
differentiated they can be distinguished from Ewing's 
sarcoma only by immunohistochemical and electron- 
mucroscopic techniques that have become widely 
available only relatively recently. Thus previous 
surveys of orbital and paranasal tumours may have 
included some unrecognised Ewing's sarcomas. If 
this is the case, primary Ewing's sarcoma of this 
region, including cases with visual loss, may be 
recognised more frequently in future. 


This work was supported in part by the Greater Glasgow Health 
Board and the Keeler Foundation for Ophthalmology The authors 
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Department for assistance m preparing the manuscript 
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Ocular involvement in sinus histiocytosis with massive 
lymphadenopathy 


ZEYNEL A KARCIOGLU,' BELU ALLAM,' anp MICHAEL S INSLER? 


‘From the Departments of Ophthalmology, ‘Tulane University Medical School, and "Louisiana State 
University, School of Medicine, USA 


SUMMARY Sinus histiocytosis with massive lymphadenopathy is a distinct clinical entity, with 
ophthalmic involvement in 10% of patients. Orbital as well as eyelid lesions have been described as 
part of the extra-lymph node involvement of this disorder. We recently examined a young boy with 
sinus histiocytosis with a bulbar conjunctival mass and chronic dacryocystitis. 


Sinus histiocytosis with massive lymphadenopathy 
(SHML) is a disease of childhood and adolescence of 
unknown aetiology.'* It affects blacks more often 
than whites and has a self-limited course. The mani- 
festations of sinus histiocytosis include lympha- 
denopathy with fever, leucocytosis, anaemia, raised 
erythrocyte sedimentation rate (ESR), and hyper- 
gammaglobulinaemia.'* Ocular lesions have been 
described in the orbit, eyelids, and uveal tract.*" 

We report a case of sinus histiocytosis with involve- 
ment of the conjunctiva and lower lid of the left eye 
and bilateral chronic dacryocystitis. 


Case report 


A 15-year-old black male from Honduras, small 
for his age, presented with non-tender, non-fixed 
submental and axillary lymphadenopathy, and an 
upper lobe opacity in the left lung. The right leg and 
scrotum had painless, non-pitting oedema with dry 
skin and soft, non-tender cutaneous nodules (Fig. 1). 
The testes were small. 

The best corrected visual acuities were 20/20, and 
intraocular pressures were normal in both eyes. Both 
lacrimal sacs were distended, and pressure over them 
resulted in a reflux of a yellowish purulent discharge. 
A 10x8 mm nodule was present on the medial aspect 
of the left lower eyelid. This lesion was not tender, 
freely moveable, and was not related to the lacrimal 
drainage apparatus. On the medial aspect of the left 
bulbar conjunctiva an isolated, 5x5 mm. oval, 
pinkish nodule, partly covered with prominent blood 
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Fig.2 Thelefteye with eyelid and conjunctival nodules. 
vessels was observed (Fig. 2). This nodule was fixed 
to the underlying sclera. The neuro-ophthalmo- 
logical and funduscopic examinations were within 
normal limits. 

Laboratory and radiological examinations to rule 
out an infectious cause and/or some tropical disease 
related to the lymphadenopathy gave negative results. 
The ESR was 71 mm/h. The patient was severely 
anaemic with a packed cell volume (haematocrit) of 
26-775. The results of immunological investigation 
were consistent with primary immune deficiency. A 
CT scan of the orbits and sinuses revealed a left 
ethmoidal mass. 

The lymph node biopsy from the left axillary 


Fig.3 The histological 
appearance of the conjunctival 
nodule with histiocytic infiltrate. 
The cells have vesicular nuclei with 
prominent nucleoli and abundant 
eosinophilic cytoplasm. 
Phagocytosed red cell fragments 
and proteinaceous deposias are 
identified in some hystigcytes 
(arrow), Hand E; main 
photograph x 250; inset x 1000. 
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region showed reactive lymphoid hyperplasia with 
distended sinuses containing a mixed population of 
cells including histiocytes, lymphocytes, plasma cells, 
and red cells. The predominating cell type, however, 
in the sinuses and in the medulla was histiocytes. 
Additional tissues obtained from the conjunctival 
nodule and ethmoidal sinus showed the same histo- 
logy of a mixed infiltrate composed of histiocytes, 
lymphocytes with occasional plasma cells, and poly- 
morphonuclear leucocytes, The predominating cell 
type in these biopsies was also the histiocyte, showing 
great morphological variation and phagocytic 
properties. These cells were large and irregularly 
shaped, with abundant, sometimes vacuolated cyto- 
plasms and one or several oval nuclei and prominent 
nucleoli. The cytoplasmic vacuoles contained phago- 
cytosed red cells, lymphocytes, and irregular protein- 
aceous deposits which were presumed to be cellular 
debris (Fig. 3). Mitotic figures were very rare. 
Immunoperoxidase stain for epithelial membrane 
antigen (EMA ) was negative. 

Lacrimal probing was performed and silicone 
tubes were placed into the nasolacrimal drainage 
system bilaterally. This procedure, in addition to 
systemic antibiotic treatment, resulted in a marked 
improvement of the dacryocystitis. The patient's 
general condition improved in four months with 
symptomatic support, and he left the hospital to 
return to his native country. 
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Discussion 


Sinus histiocytosis 1s generally a benign, non- 
neoplastic condition characterised by massive lym- 
phadenopathy. Cervical adenopathy ıs most 
common, with axillary, inguinal, and mediastinal 
lymphadenopathy not infrequent. Approximately 
10% of reported cases have ophthalmological in- 
volvement, generally limited to the orbit and 
eyelids.*" 

Berger and associates! observed keratic precipi- 
tates in a young girl during a routine eye examination. 
The patient also had a raised intraocular pressure 
whuch appeared to fluctuate according to the status of 
her systemic disease. Fnendly et al.’ described four 
cases with orbital involvement and ocular complica- 
tions. One patient developed endophthalmitis neces- 
sitating enucleation, and in another patient a sub- 
conjunctival mass in the medial central region 
extending into the orbit was excised. 

Our case illustrates that the conjunctiva and naso- 
lacrimal drainage system can also be affected in sinus 
histiocytosis with massive lymphadenopathy as part 
ofthe disease's extranodal involvement.* The chronic 
dacryocystitis was most probably due to involvement 
of the nasal mucosa by sinus histiocytosis spreading 
round the infenor nasolacrimal drainage system, 
resulting in obstruction. Nasolacrimal tubes 
improved the chronic dacryocystitis, and the other 
ocular lesions regressed. Only a long-term follow-up 
can determine the final outcome of the disease 
process. 

The cause of sinus histiocytosis ıs obscure. The 
condition 1$ considered to be a primary immuno- 
deficiency of histiocytes or of infectious aetiology 
Sinus histiocytosis should be differentiated from 
Burkitt’s lymphoma and other malignancies as well 
as from histiocytosis X, which 1s totally unrelated. 
The histopathological features of the disease are a 
result of remodelling of the lymph nodes, which is 
similar in extranodal sites as well as in the lymph node 
itself. 
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Epithelial membrane antigen (EMA) denotes a 
group of glycoproteins which are present in epithelial 
cells and appears to act as a marker of proliferation in 
some epithelial and non-epithelial cells. EMA posi- 
tivity has been reported in certain types of histiocytic 
proliferations.’ * To explore this phenomenon, im- 
munoperoxidase stains for EMA were performed on 
multiple sections in our case, but failed to reveal 
significant EMA positivity. 

Therapy is not specific. Some cases respond to 
local excision, systemic immunosuppression, or 
radiation. 
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The ‘poor man’s’ Landers lens 


LARRY BENJAMIN 


From the Surgical Vitreoretinal Unit, Moorfields Eye Hospital, City Road, London ECIV 2PD 


SUMMARY A clinical application of the technique of ‘autoindirect ophthalmoscopy' in a gas-filled, 
phakic eye is described. Peroperative photographs obtained by this technique are demonstrated 


and the optics described. 


Recently an interesting observation! was made of 
a real, aerial, inverted image anterior to the cornea 


in a gas filled phakic eye. The final comment in' 


that article alluded to the clinical usefulness of 
the phenomenon. This paper describes its use at 
vitrectomy. 

Vitrectomy is often accompanied by gas exchange 
to treat posterior-pole lesions and tamponade bleed- 
ing points. The timing of the fluid-gas exchange 
varies with the procedure, but it is often necessary to 
visualise the retina through the gas for endophoto- 
coagulation, ‘fluting’ of subretinal fluid, and a variety 
of other therapeutic procedures. In this unit a bicon- 
cave, irrigated contact lens (90 dioptres) is generally 
Correspondence to Larry Benjamin, FRCS, Oxford Eye Hospital, 
Woodstock Road, Oxford. 


used to obtain a right-way-round image of the retina 
for these procedures, the Landers lens’ (Figs. 1A, B, 
2A, B). 

Occasionally the view through such a lens is so 
distorted that the lens is removed, the operating 
microscope elevated about 2 cm, and an indirect view 
of the retina is obtained (Figs. 3A, B). This image can 
be utilised for further therapeutic manoeuvres (the 
‘poor man’s Landers lens’). The technique varies 
from that described by Thaller! because the source of 
illumination at vitrectomy is often the intraocular 
fibreoptic. As described,’ the cornea/aqueous/lens 
complex acts as + 100 dioptres condensing lens while 
there is gas in the vitreous cavity (as compared with 
+58-64 dioptres in a normal eye), forming an image I 
at distance V from its nodal point N; (Fig. 4). 





1A 
Fig. IA, B The Landers lens: a biconcave irrigated contact lens. 
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Fig.2 A: Photograph of retinal image formed through 


Landers lens. B: Optic disc (D), haemorrhage overlying disc 
(H), and vessels (V). Also shown are the edge of the lens 
(LL) and its handle (HL) 


2B 





3A 


Fig. 3 A: Photograph of retinal image as formed by the 
method shown in Fig. 4. B: Optic disc (D), haemorrhage 
overlying disc (H), and vessels (V ). Note the image inversion 


as compared with Fig. 2 
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Fig. 4. Diagram to show formation of the retinal image in a 
gas filled phakic eye utilising endoillumination. The 
"lenslaqueous/cornea' complex acts as a 100-dioptre 
converging lens for light rays coming from the gas filled 
vitreous cavity. I-image. O=object. U=object distance. 
V=image distance. N, and N5— image and object nodel 
points respectively. 


In keeping with the theoretical optics described, 
for myopic eyes the microscope needs to be elevated 
less than for emmetropic ones. This fact relates to the 
object distance U being greater in longer, myopic 
eyes. In fact, the microscope's coaxial light can be 
used to obtain an image as described by Thaller,' but 
owing to bright ‘Purkinje image’ reflections its use is 
limited. However, in the performance of very 
anterior peripheral | endophotocoagulation — for 
example, just postorally —even this method is 
occasionally used. 

The quality of the pictures obtained suffers from 
the long exposure times necessary, especially when 
using light from inside the eye. The image produced 
by the photo slit-lanep benefits from flash source 
exposure. The vieweobtained at surgery is adequate 


Larry Benjamin 





owing to the ‘variable film speed’ of the surgeon's 
retina. 

The observation that indirect funduscopy can be 
performed with a gas filled phakic eye does have 
clinical and therapeutic application. 


I thank Mr David McLeod, FRCS, for his encouragement. 


References 


1 Thaller VT. Indirect funduscopy in a gas-filled eye: an observa- 
tion. Br J Ophthalmol 1986; 70: 155-6. 

2 Landers MB, Stefansson E, Wolbarsht ML. The optics of vitreous 
surgery. Am J Ophthalmol 1981; 91: 611-4. 


Accepted for publication 28 July 1987. 








One piece bi-convex PM.M.A. 


For Capsular bag implantation 


The concept of the new Alcon 
intraocular lens offers a real 7mm 
functional optic: 35% more than any 
traditional 7mm intraocular lens, 
with dialling holes in the optic area. 


Type: One piece posterior chamber 
with C-Haptic design. 


Optic: 7mm bi-convex, PM.M.A. 
Perspex® CQ., UV. Filter. 





Alcon 


Alcon Laboratories (U.K.) Limited 





The design of the haptics enable the 
lens to vault posteriorly under 
compression, and the posterior 
convex surface of the optic is 
maintained in close contact with the 


posterior capsule. 
Diameter: 13.5mm. 


Optic free of dialling holes. 


Imperial Way Watford Hertfordshire England WD2 4YR 


Telephone Watford (0923) 246133 


TOPCON TRC-NW3 
NON-MYDRIATIC RETINAL CAMERA 


In keeping with our 
philosophy of supplying 

only top quality equipment, 
Keeler are now the exclusive 
distributors for TOPCON. 


The fully integrated design of the Topcon 
TRC-NW3 from Keeler makes it the perfect 
choice for top quality retinal photography. 
Featuring an omnidirectional joystick 
control and a choice of 45° or 20° 
coverage at a touch, it is fast and 
easy to use, requiring minimal 
operator training. The TRC-NW3 
produces exceptionally sharp, 
large diameter 74mm photographs on fine 
quality Polaroid film. 
* Monitor and controls in line with patient 
to simplify operation. 
* Operation possible without complete 
darkness, as only 4mm pupil dilation 
is required. 
Full-frame 74mm fine resolution Polaroid 
film used. 
Auto-wind Polaroid film back incorporates 
LED operating display. 
Adjustable 3-step flash system allows 
choice of intensity. 
Automatic internal fixation lamps shift for 
left/right coverage. 
Green external fixation available. 


Keeler Ltd 


INCORPORATING 
Hamblin Instruments 
Clewer Hill Road, Windsor, Berkshire SL4 4AA 


Telephone: (0753) 857177 Telex 847565/846588 
Fax: (0753) 857817 


London Centre Scotland Centre 

Keeler Martin and Tomkins 25 Deerdykes View 

38 Margaret Street Westfield Estate 
Cavendish Square Cumbernauld G68 9HN 
London W1A 4NS Telephone: (0236) 721214 
Telephone: 01-935 8512 Fax: (0236) 721231 


TOPCON 


EUROPEAN DISTRIBUTORS: 


TOPCON EUROPE B.V. 

Esse Baan 11, 

2908 LJ Capelle a/d lJssel, Netherlands. 
Telex: 23783 Telephone: 10-4585077 
Fax: 10-4585045 





Book reviews 


Contemporary Issues in Ophthalmology: Open-Angie 
Glaucoma. By Gorge W WEINSTEIN. Pp. 275. £40-00. 
Churchill Livingstone: Edinburgh. 1986. 

This book is a collection of 13 chapters, all from different 
North American authors. As is so often the case with 
publications from multiple authors the contributions vary 
considerably in quality. Some are fully referenced reviews, 
others more anecdotal, and in such a brief text there can 
only be patchy coverage of the subject. The beginner will 
therefore find it useful as a supplement to one of the basic 
texts on glaucoma. 

Some of the chapters are more valuable than others, and 
those on diurnal variation in intraocular pressure, signs of 
early damage, medical treatment, and complicatons of 
glaucoma surgery are well worth reading. The chapter on 
low-tension glaucoma is good and is set out in a fashion to 
provide practical guidance for the ophthalmic house sur- 
geon. There is a fascinating but perhaps historical chapter 


on cyclodiatysis clefts which includes a description of . 


various ingenious methods of closing the cleft if there is 
unacceptable hypotony. Chapter 12 is an excellent, com- 
pact, and up-to-date summary of laser surgery which covers 
the successes and limitations of the technique. It is stated, 
however, that there is a good response to laser trabeculo- 
plasty in aphakic eyes, which conflicts with the opinion of 
nearly all other authors. 

There 1s a degree of mbalance in the subject matter. On 
trabeculectomy there is very little Indeed. Does this reflect 
an American avermon to drainage surgery or is the oper- 
ation now so routine worldwide that extensive discussion is 
unnecessary? The need for preliminary paracentesis is 
emphasised, but most surgeons who perform trabeculec- 
tomy never do it, and it seems a superfluous step. The final 
chapter on drainage implants provides a unique background 
description which will be valuable for those surgeons now 
taking up this promising technique even if their chosen tube 
implant is not that used by the authors. IEFFREY LJAY 


Cutaneous Abnormalities of the Eyelid and Face: An 
Atlas with Histopathology. By Don G GRIFFITH, 
STuart J SaLascHe, DONALD E CLemons. Pp. 367. 
£135-00. McGraw-Hill: Maidenhead, Berks. 1987. 
This atlas illustrates just over 200 skin conditions which 
might confront and confuse the non-dermatologist. In mind 
are ophthalmologists, plastic surgeons, and optometrists. 
The authors — two dermatologists and an ophthalmologist 
with other contributors — aim at & ready reference with 
abundant illustrations, offering easy access to the conditions 
included. The care taken in the design and layout of the 
book has helped to achieve these aims. 

After a (perhaps too brief) review of eyelid anatomy and 
histology the conditions described are grouped by path- 
ology into 11 main parts with subsections. For example, Part 
1 entitled, Multisystem processes involving the eyelid’, is 
subdivided mto dermatoses and hypersensitivity, vesico- 
bullous diseases, systemic and metabolic diseases, connec- 
tive tissue diseases, and phakomatoses. Fifty separate 
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diseases are described in this part. The other 10 parts range 
from pigmentary problems to parasitic processes, focal 
insults to fungal diseases. Two hundred and four conditions 
in all are described. The text is concise and appears on the 
left hand pages. The brief discussions include pathogenesis, 
clinical features (not confined to the skin condition), natural 
history, and treatment. Key features are highlighted and the 
histopathology is inset. On the nght hand pages, always 
within nght of the relevant text, are the chnical ilustranons, 
mostly of excellent quality, and the histopathology, which is 
in black-and-white. A supporting bibliography of refer- 
ences (to 1985) completes the coverage of each condition, 
and a useful glossary of dermatological terms is thoughtfully 
placed at the end ofthe atlas. 

The text is carefully compiled and easy to read. The 
histopathology illustrations are of good quality, but the use 
of colour and the addition of marks to highhght important 
features would have enhanced their value to the non- 
pathologist. This atlas 1s a pleasure to read and will appeal to 
ophthalmologists. Its price, unfortunately, may relegate it 
to the library. AGTYBRS 


Clinical Ophthalmic Pharmacology. Eds. Davin W 
Lamperts and Davip E PorreR. Pp. 588. £47-50. 
Churchill Livingstone: Edinburgh. 1987. 

This is a multiauthor textbook of ophthalmic pharmacology 


which presents the subject in a remarkably comprehensive 
and up-to-date fashion. It is liberally annotated with refer- 


* ences to original literature, which would make it an 


excellent jumping-off point for a specialist study in the fleld. 
In this it has no competitor, and I shall keep it for reference 


purposes. 
Most of the chapters, divided largely into drug groups, 
are well constructed and easy to read, though they lack the 
wealth of illustration which is to be found in Havener’s 
Ocular Pharmocology and which so helpe to show the 
subject as something dynamic. But there are innumerable 
tables of useful information, including a remarkable 30- 
page appendix of data on ocular penetration of antibiotics 
(albeit much of rt derived from studies on rabbits), as well as 
text which explores mechanisms of drug action in an exciting 
way. 
It is not a book for the practising ophthalmologist or for a 
diploma candidate, who will need something with rather 
leas detail, and the busy reader may be annoyed by some of 
the repetition. Systemic effects of timolol eyedrops, for 
example, are discussed three times by different authors (in 
chapters on antiglaucoma therapy, drugs and the autonomic 
nervous system, and systemic effects of topical applica- 
tons), but none mentions their possible implications for the 
control of retinal blood flow. Some tyghter editorial control 
might have made the whole more coherent. But it is a useful 
source of information and it is good value for money. 
Libraries serving the needs of postgraduates should buy it. 
$ E SMITH 


Plastic and Reconstructive Surgery. Vols 
1 and 2. By Byron C Sura. 1449. £189-00. Black- 
well: Oxford. 1987. 


This is a two-volume text comprising 17 sections and 81 
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chapters. The authors number more than*100. Most are 
American: all are specialists within therr own fields, many of 
international standing. 

The text is clearly indexed and extremely comprehensive 
with many excellent illustrations and over 3000 references. 
Many of the chapters are outstanding, but the sections 
on radiology, blepharoptosis, eyelid tumours, craniofacial 
abnormahties, and socket surgery are worthy of special 
mention. 

As is invariably the case with any multiauthored book a 
certain amount of duphcation exists. Some of the pro- 
cedures discussed reflect the predominantly American 
authorship and are at variance with the accepted teaching 
on this side of the Atlantic The only major criticism is that 
of certain important omissions in the section on eyelid 
malpositrons. Lid surgery in the management of trichiasis 
merits a mere five lines, while no specific mention is made of 
upper lid entropion, an astonishing exclusion since seven 
million people in the world are blind from trachoma. 
Similarly the surgical management of cicatncial and con- 
genital lower lid entropion is not covered. 

In conclusion, the authors’ objective of a ‘unified and 
complete reference work on ophthalmic plastic surgery’ 1s 
largely achieved. The editors are to be congratulated. 
Virtually all aspects of this rapidly expanding field are 
covered in an up-to-date, extensively referenced, well 
written, and beautifully illustrated text. These volumes 
should be regarded by all those interested in this specialty as 
the current, definitrve reference textbook. 


RN DOWNES 
Note 
European Ophthalmic Pathology 
Society 


The 27th Annual Meeting of the European Ophthalmic 
Pathology Society was held in Utrecht, the Netherlands, on 
7-10 June 1988, at the invitation of the Organising Secre- 
tary, Dr A Hamburg. Professor F A Jakobtec, of New York 
and the Verhoeff Society, was the honoured guest. Twenty- 
nine ordinary members of the society also attended the 
meeting together with Professor N Ashton, honorary life 
president, and Professor W A Manschot, emeritus member. 

The following papers were presented at the scientific 
meeting: Anaplastic carcinoma of the lacrimal gland pre- 
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senting with recurrent subconjunctival haemorrhages and 
displaying incipient sebaceous differentiation (F A Jakobiec, 
USA) Granulomatous reaction m a malignant melanoma 
of the choroid (K Arnesen, Norway). Lymphoma in an 
extraocular muscle (E Balestrazzi, Italy) Local ischaemia 
of the optic nerve (M Brihaye, Belgium). A’ clinically 
unpigmented melanoma of the limbus (A Brini, France). 
Merkel-cell tumour of the eyelid?—A case for diagnosis (J 
Cunha-Vaz, Portugal). Refsum’s disease (heredopathia 
atactica polyneuritiformus) (B Daicker, Switzerland). Optic 
nerve glioma with an mtraocular tumour in neurofibro- 
matosis (D de Wolff-Rouendaal, Netherlands). Presumed 
tumour of the optic disc (P C Donders, Netherlands). 
Monoclonal corneal gammopathy (A Garner, UK). Orbital 
involvement in a non-Hodgkin lymphoma of high malig- 
nancy mimicking a myeloma (G J Goder, GDR). A peculiar 
epibulbar growth of a conjunctival melanoma (R Haddad, 
Austra). Anteriorly luxated lens (A Hamburg, Nether- 
lands). Siderosts bulbi and glaucoma (M Hanssens, 
Belgum), Epretinal melanoms in a Greenlander (O A 
Jensen, Denmark). Metastatic tumour in the orbit from the 
liver (E Kock, Sweden), A elioma im- 
vading the orbrt (E Landolt, Switzerland). Unusual orbital 
lesion — case for diagnosis (Z Latkovic, Yugoslavia). Medul- 
i of the ciliary body (W R Lee, UK). Ocular 
histopathology in a child and a fetus affected with sialidosis 
(J Libert, Belgium). Choroidal metastasis of an oesophageal 
squamous cell carcinoma (C M Mooy, Netherlands). AIDS 
ocular pathology with toxoplasmosis and CMV retinitis (J 
Mullaney, Ireland). Band keratopathy (P Naeser, Sweden), 
Marfan's syndrome (G O H Naumann, FRG). Walker- 
Warburg’s syndrome (J U Prause, Denmark). Limbal 
carcinoma with basaloid differentiation (M Quintana, 
Spain). Syphilitic chorioretinitis (P A Smith, UK). 1 O 
crystals in diffuse myelomatosis with amyloidoss (F H 
Stefani, FRG). Malignant schwannoma of the orbit in von 
Recklinghausen neurofibromatosis (M Sterkers, France). 
Rare intra- and extrabulbar tumour (I Strempel, FRG). 
Epikeratophakia (A Tarkkanen, Finland). A case of endo- 
genous fungal endophthalmitis (M Uyama, Japan). Pseudo- 
lymphoma of the conjunctiva (J Van Baarlen, Netherlands). 
Angioleromyoma of the ciliary body (H E Volcker, FRG). 
Angiomatosis retinse in familial von Hippel-Lindau disease 
luis Weber, Switzerland) Pleomorphic adenoma of the 
(H Witschel, FRG). Chronic human ocular 
peters (Z Zagorski, Poland). 
The next meeting will be held in Copenhagen, Denmark, 
May 1989, and Professor O A Jensen will act as Organising 
Secretary. 
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A rapid method of grading cataract in epidemiological 
studies and eye surveys 


V MEHRA' and D C MINASSIAN' 


From 'Chattisgarh Eye Hospital, Fafidih, Raipur, Madhya Pradesh, India, and the? International Centre for 
Eye Health, Institute of Ophthalmology, 27-29 Cayton Street, London ECIV 9EJ 


SUMMARY A rapid method of grading clinically important central lens opacities has been 
developed for use in eye surveys and in epidemiological studies of cataract and has been field-tested 
in a specifically designed observer agreement study in a survey of a rural community in Central 
India. The grading method is based on simple measurement of the area of lens opacity that 
obscures the red reflex relative to the area of clear red reflex, as visualised through the undilated 
normal pupil. Good to almost perfect agreements were attained between two ophthalmologists and 
two trained ophthalmic assistants for overall grades of central lens opacity. Most disagreements 
were trivial in nature and were concerned with difficulties in distinguishing grade 0 from grade 1, 
and with hazy appearance of the red reflex in high myopes and in cases of early nuclear sclerosis. 
Teaching materials including video tape and slides for training survey teams and other workers are 


in preparation 


Prevalence surveys of blindness and eye disease 
require a reliable, repeatable, and rapid method for 
grading clinically important cataract, as do certain 
population based epidemiological studies of cataract, 
such as our programme of collaborative research into 
the incidence and causation of blinding cataract in 
Central India. A rapid method for grading central 
lens opacities has been developed and used in our 
collaborative studies.’ The method focuses on 
grading lens opacities that are central, visible through 
the undilated pupil, and likely to interfere with 
vision. This paper reports on a study designed 
specifically for field assessment of the grading tech- 
nique in a rural community in Central India. 


Material and methods 


A village community in the Arang block of Raipur 
District in Central India was surveyed by a team 
of four examiners and supporting auxiliaries. 
Immediately prior to the study the four examiners 
attended intensive sessions of training and standardi- 
sation exercises for a period of one week at the base 
hospital. Two ophthalmologists (VM and DCM) and 
two ophthalmic trained assistants (MT and SS) 
carried out the eye examinations and graded the lens 
Correspondence to D C Minassian. 
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opacities. Visual acuities were measured by two 
auxiliaries who did not take part in the grading. 
Every eye was examined by all four examiners 
located at four separate stations in a darkened room 
in the village. Each examiner recorded his findings on 
separate record sheets which were later collated at 
the end of the field work. There were no consulta- 
tions or further standardisation exercises during the 
field work. 


GRADING OF CATARACT 

The eye examinations were carried out with direct 
ophthalmoscopes fitted with new batteries at the 
beginning of the session. The red reflex was visual- 
ised through the undilated pupil with a direct 
ophthalmoscope set at +2 D and held at approxi- 
mately !^ m from the eye. Opacities that partially 
obscured the red reflex were scrutinised from several 
angles of view to determine their location in relation 
to the lens. But the final assessment of the area of 
lenticular opacity was made by directing the light 
source away from the macula, towards the nasal 
portion of the retina, at an angle of approximately 25? 
to the visual axis, in order to avoid excessive constric- 
tion of the pupil beyond the usual size in daylight. 
Opacities in the lens that disturbed the red reflex 
were distinguished from non-lenticular opacities 
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Table 1 Rules for grading central lens opacities 

Grade of Criteria 

central lens 

opacity 

ü Clear red reflex, no opacities 

1 Few small dot opacities in the lens appearing as tiny 
scattered dark spots in the red reflex. Maximum area 
occupied by the dots 1 mn? 

2A Lens opacity obscuring part of red reflex. Area obscured 
is smaller than area of clear red reflex 

2B As 2A but area obscured equal to or larger than area of 
clear red reflex 

3 Lens opacity totally obscuring the red reflex 

4 Aphakia or displaced lens 

5 


Unable to assess red reflex owing to corneal opacity etc. 





and were graded according to the criteria set out in 
Table 1. 


ANALYSIS OF DATA 

The record sheets were collated and the data were 
entered into a portable microcomputer (Epson PX-8) 
at the end of the day. The data entry, tabulation, and 
statistical analysis software were developed at the 
ICEH specifically for this purpose. 

The degrees of agreement between the exarhiners 
were measured by computing kappa statistics. These 
evaluate the amount of observed agreement beyond 
chance, relative to the maximum possible agreement 
over and above chance." Thus in most situations a 
kappa value of 0-81-1-0 indicates almost perfect 
agreement, and kappa values of 0-61—0-80 suggest 
substantial agreement.? Weighted kappa values were 
also computed by means of weights as suggested by 
Cicchetti and Allison. 


Fig.l Agreement between two 
examiners (ophthalmologists VM 
and DCM in grading central lens 
opacities: the shaded agreement 
cells show number of eyes that were 
given identical grades by the two 
examiners. 


V Mehra and D C Minassian 


Table2 Agreement between pairs of four examiners in 
grading central lens opacities. The table shows weighted and 
unweighted kappa values as measures of agreement 





Examiners Kappa values across all grades 








Weighted Unweighted (SE=0-03) 
VM and DCM 0-962 0-885 
VM and MT 0-932 0-813 
VM and SS 0-934 0-848 
DM and MT 0-945 0-845 
DM and SS 0-929 0-834 
MT and SS 0-918 0-820 





VM and DCM are ophthalmologists, MT and SS are ophthalmic 
assistants. 


Results 


Each of the four examiners assessed and graded 246 
eyes (123 persons), making a total of 984 examina- 
tions. The age distribution of the sample was some- 
what skewed towards the older age groups, the 
youngest age being six years. The frequency of 
occurrence of the various grades of central lens 
opacities according to one of the ophthalmologists is 
shown in the marginal totals of Fig. 1. As expected, 
the eyes with cataract are over represented in the 
sample. The 'agreement cells' in Fig. 1 show the 
number of eyes that received identical grades from 
the two ophthalmologists. Disagreements were few 
and trivial in nature as shown in the body of Fig. 1. 
The kappa statistic and its standard error indicate 
almost perfect overall agreement between the two 
ophthalmologists. The grade-specific agreements 
between the two ophthalmologists were also excel- 


EXAMINER UM 
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lent for all grades (except for grade 1), with kappa 
values ranging from 0-8 to 1-0. The kappa for grade 1 
was lower at 0-6. However, the disagreements were 
clinically of little importance and arose largely from 
difficulties in distinguishing grade 0 from grade 1. 

The agreement between each ophthalmologist and 
each of the ophthalmic trained assistants was remark- 
ably similar to that found between the two ophthal- 
mologists. The relevant kappa values are reported in 
Table 2. The total time taken by the slowest examiner 
to grade 123 persons (246 eyes) and record the 
findings was about three hours, averaging at 1-5 
minutes for grading one person. 


Discussion 


The survey study was designed specifically for assess- 
ment of the new grading method. The sample 
comprised a good mixture of various categories of 
central lens opacity and provided adequate numbers 
of eyes in each grade to enable assessment of grade- 
specific and overall degrees of agreement. The over- 
representation of cataract cases and aphakics was 
expected and hoped for, as no attempt had been 
made to examine every resident of the village or to 
take a random sample of a defined population. 

The agreements attained were well above that 
generally considered satisfactory in prevalence 
surveys of eye disease and also in epidemiological 


Table3 Correlation of visual acutty with grades of central 
lens opactty Aphakic eyes and those that could not be 
assessed for cataract (grade 5) are excluded 


Visual WHO* Grades of cataract as graded by 
actly category ophthalmologist (DCM) 
of visual 
impeirmert 0 1 2A 2B 3 Totals 
66-69 0 97 0 0 0 0 97 
100% 0% O% O% 0*6 
912-918 0 23 7 8 0 0 38 
61% 18% 21% 0% 0% 
624—560 1 st 1 10 16 0 32 
16% 3% 31% 50* 0% 
560-360 2 0 0 2 7 1 10 
0% 0% WH AN 10% 
2/60-1/60 3 0 0 0 3 10 13 
0x OS OA BK 77$ 
«1/60 4,5 0 0 0 0 12 12 
0% O% 0% O% 100% 
Totals 125 8 20 26 23 x 


*The WHO categones of visual impairment are descnbed m an 
offset pubbcaton No.54 available from the WHO, Geneva. 
TFour of these were high myopes 
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studies where higher kappa values of more than 0-75 
or so are demanded. The disagreement could be 
attributed to two main problems: distinction between 
grade 0 and grade 1, and ‘hazy’ appearance of the red 
reflex in high myopes and cases of early nuclear 
sclerosis. 

As expected, there was good correlation between 
the cataract grades and levels of visual impairment. 
The details are shown in Table 3. 

Finer grading of central and other lens opacities is 
necessary for follow-up studies or clinical trials that 
aim to quantify small changes in the area or density of 
opacification. However, clinical grading techniques 
are by and large inadequate for such studies, which 
require more objective methods of standardised 
documentation and quantitative image analysis tech- 
niques.** 

Teaching materials including video tape, photo- 
graphic slides, and prints of the various grades of 
central lens opacity for training survey teams and 
other workers are in preparation. 


Our thanks to Mr Mohan Trwan and Mr Shankar Sahu as two 
members of the exammation team, Mr Santosh Agrawal for 
to organrse the field work and providing a large darkened room m 
tbe village, other staff of Chattmgarh Eye Hospital ss supporting 
ri election ti he pu 

Tiza study was funded by the Chattisgarh Eye Hospetal, Rarpur, 
and the Brrtsh Council for the Prevention of Blindness, UK 


References 


1 Minassian DC, Mehra V, Jones BR. Dehydrational crises from 
severe diarrhoea or beatstroke and mak of cataract. Lancet 1984; k 
751-3. 

2 Fleess JL. Ssetucal methods for rates and proportions 2nd ed. 
New York: Wiley, 1981. 

3 Landis RJ, Koch GG. The measurement of observer agreement 
for categoncal data. Biometrics 1977, 334 159-74. 

4 Cicchetti DV, Alison T A new procedure for assessing reliability 
of orng EEG sleep recordings Am J EEG Technol 1971, 11: 
101-9. 

rcm Vip credis Laser H Meesurement of lens 

tts disturbances by densitometric unage analysis 
af Scleumihug photographs Graefes Arch Cim Exp Ophthalmol 
1982; 219: 255-62. 

6 Maclean H, Taylor CJ. An objectrve staging for cortical cataract 
m vivo aided by pattern-analysing computer Exp Eye Res 1981; 
33: 597-602. 

7 Chylack LT, Cheng HM, White O Retroullummaton and 

of cataracts in vivo: a quantitative 
study of the variances of these techniques with computerired 
image analysu Javert Ophthalmol Vis Sct 1984, 25 (ARVO abstr 
Sarasota S 270 

8 Cotlier E, Fagadau W, Cicchetth DV. Methods for evaluation 
of medical therapy of senile and diabetc cataracts Trans 
Ophthabnol Soc UK 1982; 102: 41622. 


Accepted for publication 10 September 1987 


British Journal of Ophthalmology, 1988, 72, 804—808 


A case-control study of cataract in Oxfordshire: 


some risk factors 


RUTH VAN HEYNINGEN ANDJOHNJHARDING 
From the Nuffield Laboratory of Ophthalmology, University of Oxford, Walton Street, Oxford OX2 6AW 


SUMMARY Three hundred patients with cataract and 609 control subjects with the same age-sex 
distribution were interviewed in a study of cataract in Oxfordshire, England. The risks associated 
with severe diarrhoea, glaucoma, and work on a military base have been demonstrated. Population 
attributable risks were calculated for those and other risk factors. 


Cataract is the major cause of blindness worldwide 
and yet it is frequently stated that most cataracts are 
of unknown aetiology. In the Western world it 
usually occurs late in life and has therefore been 
called senile cataract. In some third world countries it 
is more prevalent than in the West and develops at an 
earlier age. Our suggestion that diarrhoea might be 
an important factor in these countries! has been 
supported by the results of a careful study from 
India. Several risk factors for cataract, including 
diabetes, glaucoma, and high levels of plasma 
glucose and urea, were identified in a study in 
Edinburgh,’ but they did not include diarrhoea. We 
have conducted a similar study in Oxfordshire with 
particular interest in diarrhoea, medical and drug 
history, smoking, drinking, and place of work. It was 
necessary to obtain information on past events and 
practices, because cataract may take many years to 
develop following exposure to a risk factor. Some 
results of this survey have been published in two short 
papers.** 

Our aim was to identify major risk factors for 
cataract of any type. Our definition of cataract was 
such cases as required surgery. 


Subjects and methods 


Cases were those patients aged between 50 and 79 
years admitted to the Oxford Eye Hospital for 
cataract extraction. Three hundred cases were inter- 
viewed on the ward. None refused. 

The Oxford Eye Hospital is a National Health 
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Service (NHS) hospital serving the people of Oxford- 
shire and parts of Berkshire and Buckinghamshire. It 
is the only NHS eye hospital in this area. The hospital 
notes were not looked at before the interview, so it 
would not be possible to select particular groups (for 
example, those with arthritis) for interview. There 
were no other selection criteria apart from age 
(50—79). 


CONTROLS 

Four groups of controls were recruited. The first 
group consisted of inpatients at the Ear, Nose, and 
Throat Department and patients in the Dermatology 
Department (Slade Hospital). They were inter- 
viewed in hospital after being asked if they had 
cataract. Any giving a positive response were 
excluded. Subjects aged 50-79 years were recruited, 
but towards the end of the study recruitment concen- 
trated on older subjects so that the age-sex distribu- 
tion matched the cases. These departments are also 
NHS hospitals coming under the same area authority 
and serving essentially the same population (563 000) 
as the Oxford Eye Hospital. As about 95% of the 
British population is served by the NHS, patients in 
these hospitals are representative of the population 
at large within the same region. The ENT depart- 
ment is one minute’s walk from the Oxford Eye 
Hospital. Most of these hospital patients had been 
admitted for minor surgery and in that sense also 
were comparable to cases. The dermatology depart- 
ment is also in Oxford. 

The other three control groups were identified 
from the age-sex registers of local general practition- 
ers. This made it possible to match the age-sex 
distribution to that of cases (Table 1). These com- 


804 


A case-control study of cataract in Oxfordshire: some risk factors 


Tablel Age-sex distribution of the cases and the different 
control groups 


Group Age group 
(a) Percentage of females of each group in each age group (total 
number» 507) 

-A | 55-59 60-64 65-69 TON 75-79 
H 62 8-6 18-5 191 241 235 
2 61 10-6 18-2 22-7 2-7 197 
5 61 81 212 17-2 23-2 242 
6 6-7 79 20-2 16-9 23-6 247 
7 66 77 176 17-6 28-6 22-0 
(b) DEA) re ee (total 

50-54 | 55-59 60-64 65-69 70-74 75-79 
1 5.8 138 181 18.8 232 203 
2 5.9 15.7 177 177 23-5 19-6 
5 61 106 167 182 25-8 27 
6 53 12-0 173 22.7 22-7 20-0 
7 42 16 7 19-4 153 2*6 208 


Group 1 is the cataract group Groups 2, 5, 6, 7 are the four control 


groups. 

There were 300, 117, 165, 164, and 163 subjects respectrvely in 
each group. The mean ages were between 67:1 and 67 8 years for 
each of the five groups 


munity controls were interviewed at home a few days 
after a warning letter. The three general practice 
areas were chosen to give a good socioeconomic 
spread. Two were urban and one covered a nearby 
large village. Interviews of cases and controls over- 
lapped. Under the NHS 95% of the British popula- 
tion are registered with general practitioners, who 
form the first source of health care, and hence their 
age-sex registers are a useful way of identifying 
controls. 

Our control groups included some people with 
minor opacities of the lens, as we excluded only those 
who had been told that they had cataract. Such 
opacities were relatively trivial compared with the 
cataracts in the cases. (In the chosen age range most 
people have such opacities* and to exclude them 
would be to restrict the controls to a small subgroup 
of the population.) 

A total of 609 controls were interviewed. Of 
potential controls about 4% had cataract, while 5% 
refused or were too ill to interview or spoke no 


English. 


QUESTIONNAIRE 

The cases and controls were interviewed in exactly 
the same way except that potential controls were 
asked if they had cataract. Informed consent was 
obtained. Each subject was given a code number, the 
first digit identifying the control group or case. No 
other identifier was entered into the computer. Age, 
sex, weight, and height were recorded. All subjects 
were asked where they had worked and what occupa- 
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tions they had followed. There were questions on 
general medical history and ocular history. All were 
asked if they were short-sighted as a child and further 
prompted by being asked if they wore spectacles as a 
child and then what the spectacles were for. Only 
when the interviewer (RvH) was sure were they 
counted as myopic when young.‘ They were asked if 
they had ever had severe diarrhoea lasting four days 
or more. If they had, the time since the last attack, 
and how attacks were treated, was recorded. They 
were asked what drugs they had taken regularly for 
more than four months at any time in the past. 
Finally, they were asked their current and past 
smoking and drinking habits. 


DATA ANALYSIS 

Data were entered into the University’s VAX 
computer and analysed by the y? test for categorical 
variables and Student's ¢ test for continuous vari- 
ables, mostly by means of the SAS statistical 
package. The data entered into the computer con- 
sisted of 66 digits, less than a single line, for each of 
the 909 subjects. Odds ratios (cross product ratios) 
were computed from contingency tables and are 
reported as valid estimates of relative risk. Thus a 
reported relative risk of 2 for a particular risk factor 
implies that the exposed group are twice as likely to 
end up having cataract extraction than those who 
have had no exposure (or least exposure) to that risk 
factor. 

Confidence intervals were calculated as described 
in the SAS User's Guide: Statistics version 5. Each 
factor investigated was first tested on all 300 cases and 
609 controls, but interesting results were subse- 
quently studied in subclasses by sex, age group, etc. 


Results 


After the data file had been checked for obvious 
errors the comparability of the control groups was 
examined There were no significant differences 
between the four control groups in the proportion of 
subjects reporting no serious illness; hypertension; 
diabetes; serious illness other than diabetes, renal 
failure, and hypertension; aspirin consumption; or 
unknown drugs. Therefore all controls were pooled 
for most analyses. 

At the start of the study we knew there was a 
possibility of recall bias, especially between hospital 
and community groups, but the comparisons 
between the different control groups indicate that 
little if any recall bias has occurred. Vague categories 
such as ‘other illness’ and ‘other drug’ showed no 
difference between cases and controls. 

Some results of this case-control survey have been 
published, including the exploration of two risk 
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Table2 Severe diarrhoea as a risk factor for cataract in 
feptuagenarians: contingency table 


Controls Cases Total 
Severe diarrhoea 14 14 28 
Without severe diarrhoea 268 123 391 
Ti 282 137 419 


y) test p=0-043; relative ræk 2-18, 95% confidence huts 
101 to 4-7 


factors, diabetes and myopia, showing females to be 
particularly susceptible* and the identification of 
aspirin-like analgesics as protective factors against 
cataract.’ 


SEVERE DIARRHOEA 

Severe diarrhoea appeared as a marginal risk factor 
for cataract when comparing all cases and all controls 
(p=0-05 y? test; relative risk 1-6) but was found to be 
a stronger risk factor in those aged 70 to 79 years 
(Table 2). The increased risk in this older group 
probably relates to severe diarrhoea during military 
service in the Far East between 1939 and 1945. 
Nevertheless, severe diarrhoea is only a marginal risk 
factor in the Oxford population. 


RENAL FAILURE 

Renal failure appeared as a powerful risk factor with 
a relative risk of 12-4 (2-4 to 65). With only one 
control out of 609 reporting renal failure compared 
with six out of 300 cases, the xy! test was not 
applicable, but Fisher's exact test (2-tail) gave a 
probability of 0-006. Hence, renal failure was the 
most powerful risk we encountered in the total 
population, though affecting a small proportion of 
cases (296). Four of the seven renal failure patients 
were also insulin-taking diabetics, all of them 
cataract cases. None of them reported taking 
steroids. One case and one control reported severe 
diarrhoea. 


GLAUCOMA - 
Glaucoma appeared as a powerful risk factor 


Table3 Glaucoma as a risk factor for cataract 








Controls Cases Total 
With glaucoma 8 2 30 
Without glaucoma 601 Z78 879 
Total 609 300 909 
Percentage positive r3 T3 


T test p<0-001; relative risk=5 95; 9596 confidence hints 2 6 to 
13-5. 
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(p<<0-001 and relative risk 5-9) as shown in Table 3. 
The relative risks were high for each sex taken 
separately (5-4 for men, 6-7 for women), and high for 
both younger (3-6) and older (8-5) subjects. The 
cholinesterase inhibitors which were widely used to 
treat glaucoma are known to cause cataract’ but 
lenses of glaucoma patients opacify even without this 
therapy," and it appears that the cataract risk associ- 
ated with glaucoma is caused by a combination of the 
disease itself and the treatment applied.*' 

It could be suggested that as the cataract cases 
are seen regularly in the Eye Hospital that their 
glaucoma is more likely to be known than that of the 
control patients. In theory this would tend to make 
any ocular condition appear as a risk factor. How- 
ever, analysis of the data for all ocular problems apart 
from cataract, glaucoma, and myopia did not show 
this pooled category to be a risk factor. We consider 
therefore that the effect of a difference in ophthalmic 
care was negligible. Alternatively 1t could be sug- 
gested that cataract patients with glaucoma are more 
likely to have cataract extractions than those without 
glaucoma but similar arguments apply. It is most 
unlikely that the 6-fold increase in risk associated 
with glaucoma could be explained in this way. 


PLACE OF WORK 

All subjects were asked where they had worked, and 
a note was made of the three where they had worked 
for longest—in order. Certain major employers 
in the Oxford area were scored individually, for 
example, the University, the car industry, military 
bases, and publishing. Only one of these appeared as 
a significant risk factor and then only when it was the 
main place of work. Those whose major work place 
had been on a military base were more than twice as 
likely to have cataract (Table 4). Only one of these 
was female. For males only, the relative risk was 2-37 
(1-07 to 5-3) with p=0-03. 

The explanation for the association between 
cataract and work on a military base is not obvious. 
There is the possibility of encountering microwave 
(radar) and other equipment, but there is also the 
possibility that this group tended to drink and smoke 
more than others. 


Table 4 Work on military bases and cataract 


Controls Cases Tota! 
Miltary bese 13 14 z 
Elsewhere 596 286 882 
Total 609 300 909 
Percentage positive 213 ^7 


X test pz0 034, relative risk 2 24; 95% confidence limits 1-04 to 
484 
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‘Heavy beer drinking’ and ‘heavy smoking’ were 
found to be risk factors for cataract in this study” and 
could be responsible for the apparent danger of 
military bases. With only 14 military cases and 13 
military controls (Table 4) stratification of beer 
drinkers and of cigarette smokers into four dose 
groups gave numbers too small for reliable analysis. 
Omitting only the ‘heavy beer drinkers’ (more than 2 
pints (950 ml) per day) from the analysis leaves work 
on a military base as a risk factor (p=0-021, relative 
risk —2-5), so beer drinking cannot explain this risk. 
However, after omission of ‘heavy smokers’ (defined 
in Harding and van Heyningen”) from the analysis 
the risk associated with military bases is no longer 
significant (p=0-089), though workers on military 
bases were still overrepresented among cases 
(apparent relative risk 1-97). Analysis for inter- 
actidns by means of GLIM (Royal Statistical Society, 
Edinburgh) indicated that the risk associated with 
military bases was not the result of either heavy 
smoking or drinking. 


COMBINATION OF RISK FACTORS 

It is difficult to study interacting factors in any detail 
because the numbers reporting any two specific 
conditions are small. The two most powerful risk 
factors were glaucoma (Table 3) and diabetes.‘ The 
four subjects in the study with both glaucoma and 
diabetes were all cases. Myopia early in life was also a 
risk factor.‘ Myopia early in life was investigated 
because a myopic shift occurs at an early stage in the 
development of nuclear cataract. The four subjects 
reporting both myopia and diabetes were all cases. 
Of three subjects reporting myopia and glaucoma 
two were cases. Four of the five subjects reporting 
both severe diarrhoea and diabetes were cases. Three 
of the four subjects reporting both severe diarrhoea 
and glaucoma were cases. Although the data are 
limited, there is an impression that pairs of factors 
may be additive. 


ATTRIBUTABLE RISK 

_It is of interest to note not only how powerful a risk 
factor may be but also, on the assumption of à causal 
relationship, how much cataract is attributable to 
each factor. We therefore calculated the population 
attributable risk percentage (PARP) for cataract by 
the method of Cole and MacMahon." The estimation 
of attributable risks from case-control studies 
depends on the incidence of the disease being low. 
Although the incidence of lens opacities is high in 
those aged 50 to 79,‘ the incidence of cataract as we 
define it is low, less than 1 in 1000 total population of 
this region, therefore the calculation is valid. Of the 
risk factors identified in this study, diabetes had the 
highest attributable risk followed by early myopia 
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Table 5 Population attributable risk percentages (PARPS) 
for cataract 


Factor PARP (%) 
Drabetes 11-9 
Myopa 69 
Glancoma 61 
Sterokds 47 
Severe diarrhoea 43 
‘Heavy smoking’ 2:6 
drinking’ 26 
Work on military beses 25 
Spironolactone 23 
Nifedipine 20 
Renal failure 1-8 


Data for the drugs, smoking, and drinking from Harding and van 
Heymngen.* 

PARPS are a measure of the proportions of cataract in 
Oxfordshire that is associated with each rsk factor They mchcate 
the proporbons of cataract that could be prevented by elimination of 
each risk factor. 


and glaucoma (Table 5). The other risk factors 
accounted for less than 596 of cataract each. 


Discussion 


This survey was concerned with the risk factors for all 
cataracts. We did not divide cataracts into classes. 
Subtle classification rapidly diminishes the number 
available for analysis. Known risk factors such as 
diabetes do not produce a single morphology of 
cataract in the age range, studied, and there is 
evidence for common pathways in mechanisms of 
cataract formation.* The inclusion of some controls 
with minor lens opacities will have made it a little 
more difficult for us to identify risk factors but would 
not cause us to make type I errors (false positive 
results). Severe diarrhoea has been proposed as a 
major cause of cataract in tropical countries to 
account for their excess of cataract.' Subsequently 
the role of ‘life-threatening diarrhoea’ in cataract in 
Raipur, India, was established by a case-control 
study.’ It is perhaps surprising to find severe diarr- 
hoea as a risk factor in the Oxford population, but it is 
not a powerful factor here. The relative risk was 
much greater in the study in India, where diarrhoea is 
both more common and more severe.” 

The results of this study strengthen the view that 
cataract can be a complication of renal failure.* This 
is the first study to identify the relative risk of cataract 
associated with renal failure, and it is notably high. 
Several factors that could be important in the 
aetiology of cataract in renal failure patients could 
also have a role in cataract following severe diarr- 
hoea.'* These include cyanate formed from urea and 
the osmotic stress. The suggestion that steroid 
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therapy could have a role in cataract in renal failure 
can be ruled out in this study, because none of the 
renal failure patients reported taking steroids. 
Cyanate binds to lens proteins, producing several 
changes corresponding to those found in human 
cataract. These include conformational changes to 
the proteins and cross-linking.'? Cyanate causes 
opacification of lenses in vitro? and in vivo." 

Glaucoma appeared as a powerful risk factor in 
this study, though none of the subjects reported 
taking cholinesterase inhibitors. The increased 
susceptibility to cataract is probably due to glaucoma 
itself or the surgery to alleviate it. The explanation 
for the association between cataract and work on a 
military base is not obvious. There is the possibility of 
encountering microwave (radar) and other equip- 
ment, but also this group tended to smoke more than 
others. It seemed possible that the result might have 
ansen because military personnel usually do not 
register with a general practitioner, but in the age 
range studied we had only ex-military people, and the 
relationship persisted in septuagenarians who had 
retired long before. 

The data on pairs of risk factors are limited by the 
size of this study, but they support the idea that 
apparently distinct factors can act together in the 
formation of cataract. The only previous attempt to 
calculate attributable risks for cataract was in the 
study in India, where almost 4096 of the cataract 
could be attributed to ‘life-threatening diarrhoea" .? 
In Oxfordshire no single risk factor accounts for so 
high a proportion (Table 5). In India, at least in 
Raipur, improved sanitation might in the long term 
eliminate up to 40% of the cataract burden; it would 
have little effect in Oxford. Here a programme for 
decreasing cataract would have to look at a number 
of factors, none of them easily removed. Diabetes 
cannot be avoided,.though one would hope that 
improved control of blood glucose would lessen the 
risk. Weale“ suggested that overcorrection of 
myopes in their late 20s to maintain their lenses in a 
slightly accommodated state would decrease their 
excess risk of cataract. 

The link between glaucoma and cataract may 
relate to the severity of the glaucoma or to the trauma 
of operations to alleviate glaucoma, so it will be 
difficult to eliminate this risk. Use of steroids will 
decline only as alternative drugs emerge. One would 
think that the risk of diarrhoea-related cataract 
would be diminishing rapidly in England, but our 
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sewage system is falling into disrepair and the 
incidence of diarrhoeal disease is increasing rapidly 
in some areas. 
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local general practitioners for accees to ther patients We thank the 
TFC Frost Charitable Trust for a grant for expenses. 
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Glauline is a beta adrenoceptor blocking agent used in the topical 
treatment of chronic open-angle glaucoma and other conditions in which 
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The recommended dosage is one drop instilled into the affected eye twice 
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this is to be continued, should receive 0.3% Glauline and the intraocular 
pressure of all patients should be monitored regularly (e.g. every 4-6 
weeks) 

Use of the 0.6% strength is only recommended in patients who are not 
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Drugs, including alcohol, that act as risk factors for 
cataract, and possible protection against cataract by 
aspirin-like analgesics and cyclopenthiazide 


JOHN J HARDING AND RUTH VAN HEYNINGEN 
From the Nuffield Laboratory of Ophthalmology, University of Oxford, Walton Street, Oxford OX2 6AW 


SUMMARY A case-control study of cataract in Oxfordshire explored the risks and benefits 
associated with a variety of drugs. Steroids including the diuretic spironolactone, nifedipine, heavy 
smoking, and beer drinking were associated with a raised risk. On the other hand aspirin-like 
analgesics (paracetamol, ibuprofen, aspirin, etc.) appeared to protect against cataract. 
Cyclopenthiazide appeared to provide a similar protection. 


Cataract is the major cause of blindness worldwide, 
but only recently have some major risk factors in 
cataract been elucidated in different countries. We 
conducted a case-control study of cataract in Oxford 
and have reported on the risks associated with 
diabetes, myopia, severe diarrhoea, glaucoma, and 
employment on a military base.?? Here we report on 
drugs that appear to be risk factors for cataract in 
Oxford, and on drugs that appear to have protected 
against cataract 


Material and methods 


Three hundred cases and 609 controls aged 50-79 
were interviewed for this study. Cases were those 
patients aged between 50 and 79 having cataract 
extracted in the Oxford Eye Hospital. Cases and 
controls had the same age-sex distribution.’ Details 
of the recruitment, questionnaire, and data analysis 
have been reported.’ The subjects were asked what 
drugs they had taken regularly for at least four 
months at any time in the past. They were also asked 
about their current and past smoking and drinking 
habits. In the analysis of the data odds ratios were 
computed from contingency tables and are reported 
as valid estimates of relative risk. Thus a reported 
relative risk of 2 for a particular factor implies that 
the group exposed to that factor are twice as likely to 
be admitted for cataract extraction as those not 
exposed to that factor. Conversely a relative risk of 
0-5 implies that the group exposed to the factor are 
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protected against cataract, being only half as likely to 
have a cataract extracted as the unexposed group. 


Results 


STEROIDS 

Long-term steroid therapy causes postenor sub- 
capsular cataract,‘ but in the present study con- 
sumption for as little as four months was scored. 
Nevertheless steroids emerged as a significant risk 
(Table 1). The steroids most commonly reported 
were prednisolone and spironolactone with a risk 


Table1 Steroids as a risk factor for cataract 














Controls Cases Total 
Sterold 38 2 n 
No sterowd 571 268 839 
Total 300 909 
Percentage positive 6:2 107 


T test, p<0-025; relative ak 1 79; 9596 confidence irmitss 1 09 to 
2-93 


Table2 Diuretics and cataract 








Controls Cases Total 
Reporting diuretics 155 57 212 
No diuretics 454 243 697 
Total 609 300 909 
Percentage poatrve 255 190 


7 test, p<0 031, relative rsk=0 69; 95% confidence Lumits=0-49 to 
097 


809 


810 


Table3  Diuretics as protective agents in older patents 
(aged 70—79) 





Controls Cases Total 
Reporting 9 27 126 
No diuretics 183 110 293 
Total 282 137 419 
Percentage positive 351 19 7 


xi test, p<O 001, relatrvo rak=0-45; 95% confidence limits 0 28 to 
074 


Table4 Percentage of cases and controls reporting different 
diuretics 








Present study Edinburgh* 

Control Cases Control Cases 
Amilonde 39 33 2-8 3-5 
Bumetamde 13 30 0-9 12 
Bendrousrxio 33 17 4-9 66 
Cyclopentiiande 108 3-7 37 27 
Frusemide 39 3-7 31 65 


Tnamterene 2 07 - - 
Other 18 21 E = 
*from Clayton et el. 


cataract — contingency table 


Controls Cases Total 
t Cyclopenthutude 66 11 TI 
—Cyclopentinazide 543 289 832 
Total 609 300 909 
Percentage poutrve 10-8 3-7 


x test, pO 001; relatrve risk =0 31; 95% confidence hmrts=0 16 to 
0 60 


attached to each. The risk associated with spiro- 
nolactone is discussed under diuretics. 


DIURETICS 
Diuretics have been reported as a risk factor in the 


Edinburgh study,' but this did not emerge from our. 


results. In fact diuretics appeared to provide some 
protection (Table 2), especially in older patients 
(Table 3). The imbalance between cases and controls 
differed for different diuretics, with an excess of cases 
for bumetanide and spironolactone contrasting with 
an excess of controls reporting bendrofluazide and 
cyclopenthiazide (Table 4). The Edinburgh study 
found excess reports of every diuretic except cyclo- 
penthiazide in cases, whereas we found several 
diuretics with an excess in controls (Table 4). The 
age-sex distributions of our cases and controls were 
almost identical, whereas the Edinburgh study had 
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Table 6 Spironolactone as a risk factor for cataract 





Controls Cases Total 
Spironolactone 11 12 23 
Without spironolactone 598 288 886 
Total 609 300 909 
Percentage positrve 18 40 


£ test, p<0-05, relatrve mak=2-3, 95% confidence hmts= 1-002 to 
528 


an excess of older cataract patients, who would 
increase the score for all diuretics. We analysed 
the data for each diuretic by y? test: only two 
produced significant results. Cyclopenthiazide 
(Navidrex K) appeared to be protective, decreasing 
the risk of cataract by a factor of nearly 3 (Table 5). 
The proportion of subjects reporting cyclopen- 
thiazide was greater in each of the four control groups 
than in the cases. The only diuretic found to be a 
significant risk factor was spironolactone, with a 
relative risk of 2-3 (Table 6). This drug is a steroid, 
and the associated risk of cataract seems to be similar 
to that for the other steroids (Table 1). When 
subjects reporting spironolactone (a risk factor) and/ : 
or cyclopenthiazide (a protective factor) were 
removed from the data, patients reporting other 
diuretics were equally distributed between the cases 
(12-096) and controls (13-096), so that the apparent 
protective effect of diuretics (Table 2) was entirely 
due to cyclopenthiazide. 


NIFEDIPINE 

Nifedipine has not been mentioned as a possible risk 
factor for cataract but it appeared to be so in our 
study (Table 7). The cases reporting nifedipine had 
no striking common feature except as expected for 
angina (5 out of 9) and hypertension (8 out of 9). This 
risk may be related to hypertension, which others 
have reported as a risk factor.! 


CIGARETTES 

Subjects were asked about their past and present 
use of cigarettes and number of years as a smoker. 
Daily cigarette consumption multiplied by years 
as a smoker gave a cigarette-year value which was 
used to group subjects. The highest group was 
more common among cases, and so a contingency 
table was drawn up comparing these 'heavy 
smokers'—that is, those whose cigarette-year 
score exceeded 1500— with non-smokers (Table 
8). Only 2-896 of the controls reported this 
level of smoking compared with 796 of cases. By 
our definition ‘heavy smoking’ of cigarettes 
was associated with a doubling of the risk of 
cataract. A similar increase was reported from 
Edinburgh.’ 


Drugs that act as risk factors for cataract 


Table 7 Nifedipine as a risk factor for cataract 








Controls Cases Total 
Nifedipme 7 9 16 
Without mfedipine en 291 
Total 609 300 909 
Percentage positive 12 3-0 


yi test, p<0-05; relatrve mak=2-7, 95% confidence lunitse 1 00 to 
7-31. 


Table8 Cigarette smoking and cataract 


Controls Cases Total 
Heavy smoker’* 25 21 46 
Non-&noker 241 103 344 
Total 266 124 390 
Percentage poertivet 28 70 


X test, p 0-032; relative mak=1-97, 95% confidence limits 1-05 to 
3-67. 


“Heavy smoker’ means subjects with agarette-year score 21500 — 
e g subject who smoked more than 30 cagarettes/day for 50 years or 
40 agarettes/day for 37 5 years, etc 
tPercentage of the tota] in the study. 


Table9 Beer drinking and catarect 


Total 
More than 2 putts/day 15 15 30 
Nil to 2 puntyday 594 285 879 
Total 609 300 909 
Percentage ‘heavy’ 25 50 





T tost, p= 0-044; relative rk =2 08; 95% confidence Himits 1 005 to 
432. 


2 Pinte 1136 ml. 


ALCOHOL 

Subjects were asked about their consumption of 
beer, wines, and spirits separately. The score for all 
three was added to give a total alcohol score. Those 
reporting higher scores for total alcohol, past and 
present, were overrepresented among cases, indicat- 
ing a possible risk, but comparison of those consum- 
ing 10 or more units of alcohol per day with those 
consuming less did not reveal a significant difference 
by the x! test (one unit of alcohol is half a pint (284 ml) 
of beer, or one glass of wine, or a single whisky). For 
individual beverages ‘heavy drinkers’ (more than 4 
units per day) of either spirits or beer were over- 
represented among cases. The difference for spirits 
was not statistically significant, but ‘heavy’ beer 
drinkers appeared to double their risk of cataract 
(Table 9). The cataract group had a greater propor- 
tion of subjects reporting a high beer consumption 
than any of the four control groups. All but one of the 
‘heavy’ beer drinkers were male, and in males alone 
the risk was similar to the overall risk: relative risk= 
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Table 10 Contingency table for aspirin as a posable 
protective agent against cataract 
Controls Cases Total 
44 15 59 
No aspinn 565 285 850 
Total 609 300 909 
Percentage positive 72 5-0 


X teat, p=0-2, not significant. 


factor against cataract — 


Controls Cases Total 
Paracetamol 107 26 133 
No paracetamol 502 214 T!6 
Total 609 300 909 
Percentage positive 17-6 8-7 


yi test, p<0 001, relative risk »0-45, 95% confidence Limits =*0+29 to 
071. 


Table12 Aspurin-like analgesics as protective factors 
against cataract 


Controls Cases Total 
Aspirin-like 185 51 236 
No aspinn-hke anaigemcs — 424 249 673 
Tota! 609 300 909 
Percentage poartrve 304 17-0 


X test, p3x0-001; relative risk 0-47; 95% confidence limits 0-33 to 
0-66. 


2-2 (9596 confidence limits 1-02 to 4-66), p=0-041. 
An association between cataract and high alcohol 
consumption was reported by Clayton et al.' 


ASPIRIN-LIKE ANALGESICS: PROTECTIVE 
FACTORS? 

Risk factors are those factors experienced by a 
significantly greater proportion of cases than of 
controls. To our surprise some drugs were reported 
by a greater proportion of controls than of cataract 
patients, indicating a possible anticataract effect. 
These drugs were the aspirin-like analgesics (non- 
narcotic analgesics). Aspirin was reported by 7-296 of 
controls and 5-096 of cases, but this difference was 
not statistically significant (Table 10). Paracetamol 
(acetaminophen) was reported by twice as many 
controls as cases and emerged as a highly significant 
protective factor, with a relative risk of 0-45 (Table 
11). The 95% confidence limits for this relative risk 
are 0-29 to 0-71. Consumption of paracetamol for at 
least four months is associated with a significant 
protection against cataract. The proportion of sub- 
jects reporting other aspirin-like analgesics was also 
greater among controls than cases, so we analysed 
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Table 13 Protection by aspuin-itke analgesics in those not 
reporting steroids 





Controls Cases Total 
Aspom-like analgesics 172 42 214 
No espomeike analgesics 399 226 25 
Total 5n 268 839 
Percentage postive 301 157 


X test, p«K0-001, relatrve nik «0-43, 95% confidence hmrts=0 30 to 
0-63. 


the data for these drugs as a whole (Table 12). The 
relative risk was very similar for the entire group, 
again indicating that either taking aspirin-like 
analgesics or something closely associated with 
taking these analgesics had halved the risk of 
cataract. The extent of protection was very similar in 
males and females.‘ The term 'aspirin-like analgesics’ 
includes aspirin, paracetamol, ibuprofen and similar 
drugs, naproxen, benorylate, mefenamic acid, and 
flufenamic acid. The proportions of total controls 
reporting these drugs were 7-296 aspirin, 17-696 
paracetamol, 7-296 ibuprofen family, 4-196 for the 
rest. 

As the implications of the association between 
these drugs and protection against cataract are so 
1mportant, it is necessary to be sure that the associa- 
tion is real. It is useful therefore to compare the 
different control groups lest the result be due to a 
single group, perhaps the hospital controls, being 
major consumers of analgesics. In fact aspirin-like 
analgesics were reported by 29-996, 32-196, 32-396, 
and 27-096 of the hospital controls and three com- 
munity control groups respectively compared with 
only 17% of cataract patients.‘ The close compar- 
ability of the four different control groups, all of them 
differing widely from the cases, enhances our 
confidence that the association between aspirin-like 
analgesics and protection against cataract is real. The 
low p value adds further support to that view. Many 
of the subjects reporting aspirin-like analgesics also 
reported arthritis (4296 of cases and 3696 of con- 
trols), and some of these had also reported taking 
steroids, a known risk factor for cataract in our 
population (Table 1). It seemed useful therefore to 
exclude those reporting steroids from the analysis. 
On doing so the apparent protection by aspirin-like 
analgesics increased slightly (Table 13). The 
apparent protection by paracetamol increased 
slightly, remaining highly significant (Table 14). 
Without the steroid takers ibuprofen emerged as a 
significant protective factor (Table 15). 


Discussion 


It appears from these results that a variety of drugs 
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Table 14 Protection by paracetamol in those not reporting 
steroids 


Controls Cases Total 

100 z 12 
No paracetamol 4n 246 77 
Total 571 268 839 
Percentage positive 17.5 82 


yi teat, p<0 001, relatrve rsk 0-42; 95% confidence Imts=0-26 to 
0-68 


Table 15 Protection by ibuprofen in those not reporting 
Steroids 





Controls Cases Total 
Ibuprofen 40 8 48 
No ibuprofen 531 260 791 
Total 571 268 839 
Percentage postive 70 31 


Xi test, p<0-025, relative rsk=0 41, 95% confidence hmuts=0 19 to 
0 89 


affect lens opacification but most surprisingly that 
some, the aspirin-like analgesics, may exert a protec- 
tive effect. We did not attempt to validate drug 
consumption. The usual method by blood and urine 
tests is not possible, because our interest extended to 
drugs taken in the past. Validation from hospital 
notes or general practitioner notes would not be 
useful, as they are not comparable, and some drugs 
that were most interesting are over-the-counter 
drugs. However, most patients seem confident in 
remembering drugs they have taken regularly for at 
least four months, and any lack of recall should be the 
same in all groups. Comparisons we have made 
between the five groups’ indicate that the powers of 
recollection of the different groups are comparable. 


STEROIDS 

Steroids were associated with an 80% increase in the 
risk of cataract. There are several ways in which 
steroids could cause cataract. They can increase 
glucose levels in plasma and aqueous humour, 
increase cation permeability, inhibit Na-K-ATPase 
and glucose 6-phosphate dehydrogenase and RNA 
synthesis‘ and can bind to lens proteins.’ The steroids 
previously associated with cataract have a side chain 
structure that permits reaction with amino groups 
to form a stable adduct. Spironolactone does not 
have this side chain, but both spironolactone and 
prednisolone have a carbonyl function on the A ring 
where protein binding could occur. Prenisolone- 
protein adducts were identified in rat lenses opacified 
by incubation in prednisolone and in cataracts 
removed from patients who had received prolonged 
steroid therapy." 


Drugs that act as risk factors for cataract 


DIURETICS 

From our results we conclude that spironolactone, a 
steroid diuretic, is a risk factor for cataract and that 
other diuretics have little effect either way, except for 
the apparent protection by cyclopenthiazide. This 
contrasts with the conclusion from the Edinburgh 
study that all diuretics are risk factors for cataract, 
some worse than others, with the degree of risk 
related to the elevation of plasma urea.’ 


CIGARETTES AND ALCOHOL 

Both ‘heavy smoking’ and ‘heavy beer drinking’ 
appeared as risk factors ın this study (Tables 8 and 9). 
Cigarette smoking was the only factor where the data 
were stratified after all the interviews had been 
completed No close relationship was observed, and 
comparison of all smokers with non-smokers did not 
reveal a risk. Furthermore there is a possibility of 
confounding between cigarette smoking, beer drink- 
1ng, and work on a military base, which was reported 
as a risk factor ın the preceding paper,’ but analysis 
for interaction between risk factors by means of GLIM 
(Royal Statistical Society, Edinburgh) indicated 
that these three risk factors are independent. 


ASPIRIN-LIKE ANALGESICS’ PROTECTIVE 
FACTORS? 

The protective effects of aspirin-like analgesics (non- 
narcotic analgesics") have been reported briefly by 
us,' but here we present the contingency tables for 
individual members of this family. Earlier studies 
indicating that aspirin protected against cataract in 
rheumatoid arthritis and diabetic patients?!" were 
criticised.” Subsequently we showed that aspirin 
could prevent the cyanate-induced opacification of 
incubated rat lenses." The strong association 
between consumption of aspirin, paracetamol, 
ibuprofen, and similar drugs and protection against 
cataract in this study does not establish a causal 
relationship, but if these drugs are not responsible for 
the protective effect it means that those subjects 
taking them are protected in some other way, 
perhaps by the condition for which they took the 
drugs. However, the drugs were taken for a variety of 
reasons — about 40% for arthritis. It seems unlikely 
that arthritis protects against cataract, and it would 
have to be an extremely powerful effect fully to 
explain the results, because only 36% of the controls 
reporting these drugs had also reported arthritis. It 1s 
no more likely that suffering pain protects against 
cataract. We can think of no explanation other than a 
direct protection against cataract by aspirin-like 
analgesics. Most of the standard cnteria for a causal 
relationship" are satisfied in thus study. The only 
previous link between the aspirin-like analgesics and 
cataract was in the studies of aspirin Before our 
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study there was no suggestion that paracetamol, 
ibuprofen, and the other drugs might have any 
protective effect. 

Various mechanisms have been proposed for the 
apparent protective effect of aspirin, but most 
recently we have favoured the view that acetylation 
of the lens proteins served to protect them against 
chemical insults such as cyanate, glucose, glucose 6- 
phosphate, and prednisolone that are associated with 
cataract.” This mechanism received further support 
from laboratory studies of Rao et al.” This explana- 
tion cannot be extended to the other aspirin-like 
analgesics, because most of them lack an acetyl group 
and therefore cannot acetylate proteins. A mecha- 
nism involving prostaglandins is superficaally attrac- 
tive, but paracetamol, which is a feeble inhibitor of 
prostaglandin synthesis, appears strongly protective 
against cataract, whereas indomethacin, a powerful 
inhibitor of prostaglandin synthesis, is not protective, 
being reported by 3-196 of controls and 3.396 of 
cases. They may act by lowenng blood glucose 
levels.‘ Aspirin-like analgesics lower fasting blood 
glucose levels in diabetics and non-diabetics*" and 
improve glucose tolerance**" and the insulin 
response to glucose." * These properties are shared 
by aspirin, salicylates, and ibuprofen but not by 
indomethacin ?3 

If aspirin-like analgesics are protective because 
they lower blood glucose, it would imply that the 
level in many subjects aged 50 to 79 is higher than is 
healthy for the lens. There is some evidence to 
support that notion. First, diabetes is such a powerful 
risk factor’ that any elevation of blood glucose could 
be harmful Indeed, it was shown in the Edinburgh 
survey that the mean glucose level in cataract patients 
exceeded that of controls even when diabetics were 
excluded from the analysis.? Secondly, it has been 
reported that 4496 of cataract patients have an 
abnormal glucose tolerance curve." A moderate but 
chronic elevation of glucose concentration is unlikely 
to have any osmotic effect and is more likely to act 
through non-enzymic glycosylation of lens proteins. 
This reaction occurs to most proteins, notably to 
long-lived proteins found in the tissues that are 
damaged in diabetes.” If the aspirin-like analgesics 
protect against cataract by lowering blood glucose 
levels, it is possible that they give some protection 
against other glucose-induced damage — perhaps 
retinopathy, neuropathy, and basement membrane 
damage. An apparent protection by aspirin against 
diabetic retinopathy has been noted.*” 

A second case control study in Oxford that 
incorporates more detailed questions on analgesics 
has been started so that the dosage required of a 
protective effect can be elucidated. There are studies 
indicating that low-dose aspirin protects against 
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myocardial infarction, unstable angina, and strokes. 
Additional protection against cataract would be a 
great bonus, although some might prefer paraceta- 
mol as a potential anticataract drug. Indeed, it is 
possible that paracetamol is also effective against the 
above life-threatening conditions. 


We are grateful to Professor N Wald for advice and for help in 
plannmg the questionnare. We thank Mr A J Bron, Drs RAE 
Spuhng, J Ross, D Minassian, L O'Brian, and G Edwards for helpful 
discussions. 


Wo are grateful to the consultants of the Oxford Eye Hospital, 
` Ear, Nose and Throat Department, and the Slade Hosprtal, and to 
local general practitioners for access to ther patsonts We thank the 
TFC Frost Charitable Trost for a grant for expenses. 


References 


1 Clayton RM, Cuthbert J, Duffy J, et al. Some rsk factors 
: emoctated with cataract m SE Scotland: a pilot study. Trans 
Ophthalmol Soc UK 1982; 182: 331-6 

2 Minasuan D, Mehra VJ, Jones BR. Dehydratonal craes from 
severe diarrhoea or beatstroke and mak of cataract Lancet 1981, 
v 751-3 

3 van Heymngen R, Harding JJ Rik factors for cataract: 
chabetes, myopia and sex In: Coartoss Y, Forette B, Knook D, 
ods. Modern trends in ageing research. Pars. INSERM/Libbey. 
In press 

4 van Heynmgen R, Harding JJ. Do aspomtike analgesics protect 
agaist cataract? A case-control study Lancet 1986; 1: 1111-3. 

5 van Heyningen R, Harding JJ A case-control study of cataract m 
Oxfordahire: some risk factors. Br J Ophthalmol 1988; 72: 804-8. 

6 Hardmg JJ, Crabbe MJC. The lens: development, proteins, 
metabolm and cataract. In Davson H, ed. The eye 3rd ed. 
London. Academic Prees, 1964; 1B: 207—492. 

7 Bucala R, Fishman J, Ceram A Formation of covalent adducts 
between cortisol and 16 a-hydroxyestrone and protein: possible 
role m the pathogeneszs of cortisol tomaty and systemic lupas 
erythomatosus. Proc Neti Aced Sci USA 1982; 79: 3320-4. 

8 Manabe S, Bucala R, Ceram A. Non-enrymatc addibon of 

to lens in sterowd4induced cataracts. 
J Clin Invest 1984; 74: 1903-10. 
` 9 Jomt Formulary Committee. Briürh National Formulary 
London: Brrrsh Medical Assocaton and Pharmacoutcal 
Socsety of Groat Britain, 1966, 12: 163 

10 Cother E. and senile cataract in rheumatoud arthnts. 

Lancet 1981; 1: 338-9 


John J Harding and Ruth van Heyningen 


11 Cother E, Sharma YG, Nrven T, Brescia M. Distribution of 
salicylate in leas and mtraocular fiuxds and its effect on cataract 
formation. Am J Med 1983, 74: 83-90 

12 Segel D, Sperduto RD, Ferns F Is ASA therapy for cataract 
justified? Can J Ophthalmol 1982; 1: 135-6 

13 Crompton M, Raon KC, Harding JJ. Aspen prevents carbamy- 
lanon of soluble lens proteins and prevents cyanate-induced 
phase seperabon opacities in vitro: a posible mechanum by 
winch aspirin could prevent cararact. Exp Eye Res 1985, 40: 297— 
311. 

14 Vessey MP. Case-control studies m tbe evaluation of drug safety 
Sécurtié medic 1982, 111-21. 

15 Rao GN, Lards MP, Cotlier E. Acetylabon of lens crystal- 
hne. a possibje mechanrm by which aspıın could prevent 
cataract formation. Biochem Biophys Res Commun 1985, 128: 
1125-32. 

16 Reid J, Macdougall Al, Andrews MM. Aspirin and diabetes 
mellitus. Br Med J 1957, d: 1071-4. 

17 Grugliano D, Torella R, Sumscaichi N, Improta L, D'Onofno F 
Effect of acetylsahcylic acid on insulin response to glucose and 
arginine m normal man. Diabetologia 1978; 14: 359-62 

18 Hecht A, Goldner MG Reappransal of hypoglycemic action of 
acetylsabcylate. Meseboluon 1959; B: 418-28 

19 Moen P, Pontiroh AE, Baron SH, ef af Asper stimulates 
1nsulm and glucagon secretion and increases glucose tolerance m 

human and diabetics Duebetes 1978, 27: 1196-204. 

20 A Influence of indomethsan on glucose-induced 

insulin m normal man Role of prostaglandins in the 
insulin release? Hormone Metab Res 1977; 9% 172-5 

21 Chen M, Robertson RP. Effects of prostaglandin synthess 
mhibitrs on human msuhn secretion and carbohydrate 
tolerance Prostaglandins 1979, 18: 557-67. 

22 Rosen P, Hohl C. Prostagianchns and diabetes. Ana Chin Res 
1984; 16: 300-13. 

23 Clayton RM, Cuthbert J, Phillrps CI, et ef. Analyxs of individual 
cataract patients and therr lonses: a progress report. Exp Eye Res 
1980; 31: 553—66 

24 Dugmore WN, Tun K. Glucose tolerance tests m 200 patients 
with senile cataract. Br J Ophthalmol 1980; 64: 699-92 

25 Harding JJ. Non-enzymo covalent post-translatonal modifica- 
ton of in vivo. Adv Protein Chem 1985, 37: 247—334, 

26 Powell EDU, Field RA. Diabete retinopathy and rheumatoid 
arthritis. Lancer 1964, n: 17-8 

27 Carroll WW, Geeraets WJ. Diabetic retinopathy and salicylates 
Ann Ophtkabnol 1972; 4: 1019—46. 


Accepted for publication 3 September 1987 


In open angle glaucoma 


when a 
beta blocker alone 
is no longer 
enough... 


PRESCRIBING INFORMATION CAN BE FOUND OVERLEAF 





regain control by adding 


dipivefrin HCI 


and maintain the benefits 
of beta blockade 
in open angle glaucoma 


a long-term additive effect 
to timolol is reliably maintained.’ 


Propine avoids the miosis and 
accommodative spasm of pilocarpine 


; 


added to beta blocker therapy, 
Propine maintains good compliance 


f 


Prescribing Information 


Presentation: Sterile ophthalmic solution containing dipivefgff hydrochloride (0.T96). Uses: For the control 
of intraocuJar-presSüre in chronic open anglé glaucoma opfcular hypeftensive patignts with aritecior 
chamber open angles. Dosage and Adiflinistration: Thegisual dosage igone drop inthe affected eyes) 
every 12 hours. Contra-Indications; Warning, etc: Use jff pregnancy — the safety of the intensive or 
protracted use of dipivefrip.düring Lang mde) has nét been substantiafled. Contra-indications — patients 
suffering from closed anĝle glaucoma. Precautiop$— dipivefrin should Be used with caution in patients 
with narrow angles'ince dilation of the pupil my trigger an attack of @ngle closure glaucoma. Macular 
oedema is arate occurrence with adrenaline use in aphakic patients. Prompt reversal generally.follows 
discontindance of the drug. Macular oedemia with dipivefrin does pres@nt as a possibility in the @phakic 
patient. Adverse reactions: Rebound vasddilation and allergic blepharüconjunctivitis are rarely observed 
following treatment with dipivefrin. Dipivefrin has been used successfully in patients who have 
demonstrated such intolerance to adrenaline. Adrenochrome deposits have been rarely observed 
following the use of dipivefrin. Venyslight transitory stinging may occur Upon instillation in some patients 
This product contains benzalkoniüm chloride and should not be used ifi conjunction with soft contact 
lenses. Pharmaceutical Precautions: Store at a temperature of 4-23'C; however, it can be stored up to 30 C 
for a short period of time (a few days). Legal Category: POM. Package Quantities: Supplied in plastic 
dropper bottles containing 10ml. Basic NHS Cost: (as at September 1986) £4.65. Product Licence Number: 
PL 0426/0040. Product pe^ decies Number: PA 148/2/1 (Allergan Pharmaceuticals (I) Limited, Westport, 


Co Maw’ Soll yese nher ptp ation is [I op Ga 


ADVANCING EYE CAR 


Allergan Limited, 
Turnpike Road, Cressex Industrial Esta 
High Wycombe, Bucks. HP12 3NR 


Reference: McGuiness R. and Frumar K 
Aust. J. Oph 1982; 10: 179 — 182 


TM Deor tr Mean 





British Journal of Ophthalmology, 1988, 72, 815-819 


Stabilisation of refraction following cataract surgery 


PETER R BARANYOVITS 


From Wolverhampton Eye Infirmary, Comptom Road, Wolverhampton 


SUMMARY Refraction was performed at frequent, regular intervals for six months following 
routine intracapsular cataract extraction. Patients were divided into two groups, those whose 
limbal sections were closed with 8-0 virgin silk or with 9-0 nylon. The stabilisation of refraction 
was observed, and the most suitable time to prescribe ‘first glasses’ was estimated retrospectively. 
In the silk group this was found to be at three months in the nylon group at four months. However, 
results in the latter were less predictable with greater variation. 


This report was undertaken to determine the rate of 
stabilisation. of refraction following intracapsular 
cataract extraction, with the aim of improving 
efficiency of the ‘first glasses’ prescription. 

Many authorities recommend prescribing glasses 
when senal refraction shows no significant change If 
this procedure is followed carefully, it may require 
frequent clinic visits Hence first glasses are often 
prescribed after a fixed postoperative period of about 
two months. This has been the practice for several 
decades, during which surgical practices and patient 
expectations have changed greatly. 

Glasses prescribed too early, before refraction has 
stabilised, may cause disappointment and unneces- 
sary expense for the patient; too late prescription 
may prolong disability and frustration. 

Changes in corneal curvature following cataract 
surgery have been recognised for over a century, 
having been first described by Donders! in 1864. 
Many other workers have since investigated the 
nature of postcataract astigmatism The effects of the 
following factors have been studied: type," depth,’ 
and number* of sutures, pre- or postplaced sutures,* 
wound placement,’ and size of wound.’ Change of 
corneal curvature as a function of time has also been 
considered. 

In 1935 Groenholm’ reported keratometric studies 
on 200 eyes following cataract extraction without 
sutures and with one or two sutures. The initial high 
degree of astigmatism at 10 days was found to be 
halved at two months. Particular attention was paid 
to resultant astigmatism and frequent regular kerato- 
metry was not included. 

Floyd? reported on a total of 47 eyes following 
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cataract surgery with Graefe section and two sutures. 
Keratometry was performed at monthly intervals and 
he found ‘significant’ changes in corneal curvature, 
up to three months after surgery. He suggested that 
glasses prescribed before this time may be of a 
temporary nature. More recently Reading* reported 
on 43 eyes undergoing intracapsular cataract extrac- 
tion sutured with virgin silk. These patients were 
followed up at monthly intervals for one year by 
photokeratometry. Changes in corneal curvation 
after one month were found to be ‘small’. 

The present study, conducted at Wolverhampton 
Eye Infirmary, was designed to help resolve the 
following questions: How quickly does refraction 
stabilise sufficiently to allow prescription of satisfac- 
tory glasses? Is this rate consistent in different 
patients? Is it influenced by the type of suture and the 
initial degree of corneal distortion produced during 


surgery? 
Material and methods 


PATIENTS 
From the beginning of the study all patients under- 
going uncomplicated cataract extraction were 
included provided they were able, co-operative, and 
had no other serious ocular disease. A total of 43 
patients, 47 eyes (average age 70 years, range 49-86 
years, 95% confidence interval 2-8) were followed up 
for six months. 


SURGERY 

Five different surgeons performed the operations 
using a similar microsurgical technique: ab externa 
stepped incision (approx 160°) followed by one 
peripheral iridectomy and irrigation with a- 
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chymotrypsin. Intracapsular cataract extraction was 
then performed with a cryoprobe. The wounds were 
closed either by interrupted 8-0 virgin silk (5-7 
sutures) or by a double 9-0 nylon bootlace (each one 
closing half the wound, giving a total of six bites). The 
choice of suture alternated between patients; 24 eyes 
were closed with virgin silk, 23 eyes with nylon. A 
total of 15 eyes had iris clip intraocular lenses inserted 
(Binkhorst or Boberg-Ans types), nine in the virgin 
silk group andsix in the nylon group. All patients were 
prescribed a topical steroid (betamethasone 0-196), 
four times a day for four weeks; this was then reduced 
and discontinued over the following two weeks. 


FOLLOW-UP 
All patients were followed up by the author for six 
months. Keratometry was performed preopera- 
tively and in the first week following surgery along 
with the first refraction. Refraction was repeated at 
two-weekly intervals for three months, thereafter 
monthly for three further months. 

Keratometry was performed on a Bausch-Lomb 
keratometer. All refraction was carried out with the 
same equipment, ensuring constant back vertex 
distance. Retinoscopy was followed by subjective 
refraction, the sphere confirmed by the duochrome 
test and the cylinder and axis by using Jackson's cross 
cylinder. 

Analysis of the data was by either independent or 
paired z test with 95% confidence intervals and y? 
tests. Pearson product moment correlations were 
also computed to investigate the relationship 
between certain variables. 


Peter R Baranyovits 
Results 


To display best the speed at which refraction 
stabilised after intracapsular cataract surgery the 
rate of change of each component, namely sphere, 
cylinder, and axis, was calculated from each patient's 
serial refractions. The units of change were dioptres/ 
week and degrees/week. The mean values are shown 
in Fig. 1 for the two suture groups, 8-0 virgin silk and 
9-0 nylon. ` 

Virgin silk sutures tend to lose their apparent 
strength in the second month after surgery. This 
shows itself by a sudden change in cylinder from with 
the rule to against the rule." In this study, six months 
after operation, significantly more of the silk group 
had a cylinder against the rule, 22 (9296), as opposed 
to 4 (1776) of the nylon group, (37—23:3, p« 0-001). 

Fig. 1C shows this dramatic change taking place in 
the first two months (that is, a peak in the rate of 
change of axis), but thereafter the rate of change 
remained low. Both suture groups showed significant 
changes in all three components of refraction for at 
least the first three months. 

In each graph the nylon suture curve shows a more 
gradual change which is also slightly more prolonged. 
The different shapes of the curves for the two suture 
groups are reflected in the differing ‘prescribing 
times'. This was taken to be the time, following 
surgery, that the refraction was judged to be stable 
enough to allow prescription of satisfactory glasses. 
For the purposes of this study the prescribing time 
was estimated retrospectively when all the refraction 
results for the full six months were reviewed. The 
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Fig.1 Comparison of the rate of 
change of each component of 
refraction in the two suture groups of 
interrupted 8-0 virgin silk and 
continuous 9-0 nylon, against time 
following intracapsular extraction. 
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prescribing time was taken to be the earliest time that 
refraction approached the ‘final’ six-month result. 
The criteria used was a maximum difference of 0-5 
dioptres in sphere, 0-25 D in cylinder, and 5? in axis. 

The results are displayed in Fig. 2, which shows 
when the patients reached a stable refraction. 

Statistical comparison of the mean prescribing 
time showed a significant difference between the two 
suture groups, (1442-18, p<0-05; mean difference= 
2:3 weeks) (Table 1). 
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Fig. 1C 
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In each suture group there was no significant 
difference in prescribing times of eyes with and 
without intraocular lenses. Silk group mean differ- 
ence with and without IOL=0-089 weeks (9596 
CI+2-05); nylon group mean difference=2-45 weeks 
(95% CI 4-21). 

Pre- and postoperative keratometry was per- 
formed to estimate the degree of corneal distortion 
caused by the incision and sutures. The maximum 
change occurred about the vertical axis. This change, 











CO en [SN nyin 
Fig.2 Companson of the rate of stabilisation of refraction 
in the two suture groups of interrupted 8-0 virgin silk and 
continuous 9-0 nylon, as measured by the time first glasses 
could be prescribed following intracapsular extraction 


measured in dioptres, was used as an estimate of 
surgically induced corneal distortion. This is shown in 
Table 2 with the initial (1st week) and final (6th 
month) cylinder and axis for comparison. Correla- 
tion analysis was performed to investigate their 
relationship (Table 3). 


Discussion 


The two different suture techniques, for intracapsu- 
lar cataract extraction, examined in this study (inter- 
rupted 8-0 virgin silk and continuous 9-0 nylon) 
appear to have different effects on the course of 
postoperative refraction and its rate of stabilisation 
Once stable, 22 (92%) of the silk group have a 
cylinder (mean 2-13 D) against the rule, and 19 
(8396) of the nylon group remain with a cylinder 
(mean 1-58 D) with the rule. 

As can be seen from Table 3, in the silk group there 
was no significant relationship between the initial 


Table 1 Companson of first glasses ‘prescribing nme’, 
following intracapsular extraction, between wounds closed 
with interrupted 8-0 virgm silk and continuous 9-0 nylon 
sutures 4 


Suture matertel 
8-0 Silk 9-0 Nylon 
No ofeyes 24 23 
Mean ing time 10-2 12-5 
(weeks after surgery) 
95% CI £10 £19 


(9 2-11 2weeks) (10 6-14 4 weeks) 
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Table 2 Comparison of surgical corneal distor tion and 
initial and final astigmatum following intracapsular 
extraction sutured with interrupted 8-0 vu gin silk or 9-0 
continuous nylon 


Suture material 
8-0 Suk 9-0 Nylon 
No. of eyes 24 23 
Mean corneal distortion 275D 336D 
(x0 66)* (+074) 
Mean intial cyimder, Ist week 184D 269D 
(+0 41) (£1-1) 
Mean final cylinder, 6th month 213D 1-58 D 
(£0 39) (£0 38) 
Mean inrtial axis 100 4* 98 9 
(£10 5) (£6 6) 
Mean final axis 174 4* HT 
(+16 5) (+20) 
Mean prescnbing time, Ist glasecs 102weeks 12 5 weeks 
(+10) (x19) 


95% confidence interval in parentheses 


corneal distortion and the time that the postoperative 
refraction was considered stable enough to prescribe 
first glasses (‘prescribing time’). The initial corneal 
distortion is dependent on the positioning and 
tension of the sutures. But as silk loses its apparent 
strength in four to six weeks," the initial distortion 
can be expected to have little correlation with the 
prescribing time and the final degree of cylinder. The 
loss of tension in the silk suture results in a dramatic 
change in cylinder, as shown in Fig. 1. 

In the nylon group the relationship between initial 
corneal distortion and prescribing time was signifi- 
cant, that is, eyes with most distortion take longest to 
stabilise. Nylon sutures lose their tensile strength 
very gradually and cause less adjacent tissue 
reaction. Hence the initial distortion caused by the 
suture will influence the behaviour of the wound for a 
longer period of time than silk. The limbal tissue 
adjacent to the suture may undergo a certain degree 
of moulding, and the suture itself may cheese-wire 
through the tissue slightly. These effects would allow 
a reduction and equalisation of the tension across the 
wound. Hence one may expect the amount of 


Table3 Correlation analysts of the relationship between the 
degree of initial surgical corneal distortion, final cylinder, 
and ‘prescribing tune’, in the two suture groups of interrupted 
8-0 virgin silk and continuous 9-0 nylon 





8-0 Suk 9-0 Nylon 
Inrtzal distortion v prescnibing time rg -0 02 rz,» 41 
Imtzal distortion v final cyhnder rg*0 11 rjj «0 12 
Final cylinder v prescribing time rn=0 39 14 —021- 
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cylinder to lessen before the wound has stabilised 
fully. This appears to be the case in the nylon group, 
as the mean initial cylinder of 2-69 D (axis 98-9?) 
reduces to 1-58 D (axis 117°) at six months. A similar 
result was found by Wyman,’ who followed up 100 
cases sutured with 9-0 and 10-0 nylon 

The relationship between final cylinder and pre- 
scribing time shows an interesting difference between 
the two suture groups. It suggests that the eyes with 
longer prescribing times have wounds which take 
longer to reach sufficient strength to stabilise refrac- 
tion. Before reaching this point the refraction can be 
influenced by the changing tensions or effective loss 
of sutures. In the silk group the longer prescribing 
times are associated with a larger final cylinder (9296 
against the rule), that is, more time for stretching of 
the wound before it reaches sufficient strength to 
become stable In the nylon group the longer pre- 
scribing times are associated with a smaller final 
cylinder (83% with the rule), that 1s, more time for 
stretching of the sutures and moulding of adjacent 
limbal tissue. In this study there was no significant 
relationship in either suture group between the initial 
corneal distortion and the amount of final cylinder. 

Of particular interest was the rate at which refrac- 
tion stabilised sufficiently to allow prescription of first 
glasses. Here there was a significant difference 
between the nylon and silk suture groups. The mean 
prescribing time in the silk group was 10-2 weeks 
(95% CI 1-0); in the nylon suture group not only 
was the mean prescribing time later at 12-5 weeks 
(95% CI+1-9) but also the spread was greater. 

In absolute terms only 13 (5496) of the silk suture 
group were considered sufficiently stable to prescribe 
first glasses at the traditional postoperative period of 
two months. This reached 23 (9696) at three months 
and 24 (10096) at four months. In the nylon suture 
group nine (3996) were stable at two months, 15 
(6596) at three months, 21 (9196) at four months, and 
23 (10096) at five months. 

In summary, three months would appear to be a 
practical time to refract and order glasses for patients 
whose eyes have been sutured with virgin silk. This 
should improve efficiency and avoid multiple refrac- 
tions in the great majority of patients. However, 
when an eye has been sutured with continuous nylon, 
the stabilisation is less predictable and more caution 
is required. It may be reasonable to wait four months 
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before ordering first glasses. However, after the third 
month the changes were fairly predictable: 8796 
showed a slight drop in the amount of cylinder of up 
to 0-75 dioptres, with only small changes in axis. 
Hence, if it is necessary to prescribe glasses earlier, a 
slightly smaller cylinder than indicated could be 
given. 

Limbal wounds closed by sutures or techniques 
different from above,*" such as interrupted 10-0 
nylon, may well respond differently, and the smaller 
sections used in extracapsular cataract surgery, 
particularly phacoemulsification, can be expected to 
have less effect on postoperative refraction. How- 
ever, it is unlikely that the large sections of intra- 
capsular surgery, if closed by a different technique, 
would stabilise any quicker, as the speed of wound 
healing, which is a major factor, would remain 
largely unchanged. 


The help of Dr M F Collins, of the North Staffordshire Hospital 
Centre, over the statistical analys rs gratefully acknowledged. 
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Surgery of aphakic retinal detachment 


MOHINDER SINGH 


From the Department of Ophthalmology, National University of Malaysia, Kuala Lumpur, Malaysia 


SUMMARY In a prospective study 84 patients with aphakic retinal detachment were treated either 
by local scleral buckling alone or combined with an encirclement. The rate of surgical reattachment 
of the retina was found to be similar with either technique over a minimum follow-up period of one 
year. Simplicity and a low incidence of serious complications of the local procedure merit its 
application as the initial method of repairing aphakic detachments. 


About 2096 of all retinal detachments occur in 
aphakic eyes.’ Vitreous complications associated 
with the removal of cataract as well as other factors 
like myopia and lattice degeneration predispose the 
aphakic eye to an early retinal detachment.’ 
Preservation of the integrity of the posterior segment 
by performing extracapsular cataract surgery is being 
popularised in order to reduce the incidence of 
aphakic retinal detachment.’ 

The surgery of aphakic retinal detachment (ARD) 
is considered to be relatively difficult because of its 
rapid progression to total separation and an 
increased tendency to develop proliferative vitreo- 
retinopathy quickly.’ Moreover, small oral or 
postoral retinal holes are said to be common and can 
be easily missed.‘ It is therefore often argued that the 
surgery of aphakic retinal detachment should prefer- 
ably include an encirclement procedure. However, 
an encircling element carnes certain specific dis- 
advantages, and its absolute necessity has never been 
clearly established.* 

The significance of cerclage was therefore studied 
in a series of aphakic retinal detachments, and the 
results are reported here. 


Materials and methods 


All consecutive aphakic retinal detachments occur- 
ring in patients above 40 years of age were thoroughly 
examined for surgical repair, and cases for the 
present study were carefully selected in conformity 
with the following criteria: (1) good pupillary dilata- 
tion and clear optical media; (2) separated retina 
fairly mobile, with absent or minimal periretinal 
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fibrosis; (3) if multiple, all retinal breaks localised to 
one quadrant of the fundus only; (4) no contraindica- 
tion to the patient's receiving repeated general anaes- 
thetics; (5) no previous retinal detachment surgery to 
the affected eye. 

Cases with similar retinal detachments as regards 
the type of retinal break and extent of retinal 
separation were allocated alternately to group A and 
group B. Forty eyes in group A received only 
localised buckling with Silastic sponges or silicon 
tyres as explants. Forty-four eyes in group B, how- 
ever, were also given an encerclage with a 2-5 mm 
wide silicon rubber band in addition to local buck- 
ling. The unequal numbers in the two groups resulted 
from the fact that two cases which were allocated to 
group A inadvertently had the group B procedure 
performed on them. The error was detected only at 
the final analysis. Therefore they had to be counted 
as group B. Retinal breaks were treated by cryo- 
surgery under visual control. Drainage of subretinal 
fluid was avoided if possible. If it was found neces- 
sary, intravitreal air was injected to achieve near 
normal intraocular pressure at the end of surgery. 
Whenever air was injected, positioning of the patient 
was continued for 48 hours postoperatively. AII 
patients were operated upon under a general anaes- 
thetic. Most of the cases could be discharged by the 
fifth postoperative day. The patients were periodic- 
ally reviewed for at least one year. Success was 
defined as reattachment of the retina for six months 
following the last procedure. 


Results 


A total of 84 cases operated upon were followed up 
for one to three years, average 15-5 months. Forty 
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Surgery of aphakic retinal detachment 


Table 1 Extent of retinal separation at the ime of surgery in 
each group 





Group A Group B 
One quadrant 3(7-5%) 3(6-8%) 
Two quadrants 7 (17 5%) 7 (15-9%) 
Three quadrants 14 (35%) 16 (36 4%) 
Four quadrants 16 (40%) 18 (41%) 
Total 40 44 


Table2 Characteristics of retinal breaks in each group 





Group A Group B 
Traction tears 
Single 20 (50%) 23 (52 2%) 
Multiple 2(5*$) 3 (6-8%) 
Round holes 
Single 6 (15%) 5(11 4%) 
Multiple 12 (0%) 13 (29 6%) 
Total 40 44 


eyes in group A and 44 eyes in group B were available 
for analysis after a minimum follow-up of one year. 

The peak incidence of ARD was seen in the 50—60 
year age group. Two-thirds of the patients in each 
group were male. 7596 of patients in this study 
presented within one month of experiencing the first 
symptom of ARD. About 2596 of them were seen 
within two weeks. 


TYPES OF APHAKIA 

Eighty two patients in this series had undergone 
intracapsular cataract extraction and one of them had 
received an angle supported anterior chamber intra- 
ocular lens. In two cases an extracapsular cataract 
extraction had been performed. In one of them a 
posterior chamber intraocular lens had been 
implanted six months previously but vitreous had 
come forward through a break in the posterior 
capsule. 


BXTENT OF RETINAL DETACHMENT 

Most patients with ARD (7596) had three or all four 
quadrants of the fundus involved by the time these 
were discovered (Table 1). The extent of the detach- 
ment did not correlate well with its duration in this 
analysis (p>0.05). ARD localised to one quadrant 
alone was rather rare. 


RETINAL BREAKS 

65% of eyes in group A and 63-7% of eyes in group B 
had only one retinal break. Most of these (50% ) were 
traction tears with small triangular or typical horse- 
shoe configuration. Single, round atrophic retinal 
holes were not common ın this series (Table 2) In 
contrast, multiple round holes were more commonly 
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Table3 Results of surgery in the two groups 
Group A Group B 
Success 36 90%) 40 (91%) 
Failure 4 (10%) 4 (9%) 


Table4 Companson of visual recovery following si ge! y 
in each group 





Visuel acuity Group A Group B 

Preop Postop Preop Postop 
66-612 2 (5*6) 14 (35%) — 3(689)  10(2279*) 
618—636 7(17-5%) 15(37-5%) 6(136%) 16(36 3%) 
G60 or less 31(77:5%) 11(27-5%) 35(79-6%) 18(41%) 
Table 5 Comparison of surgical complications 
Complication Group A Group B 
Glaucoma - 3 (6 8%) 
Anterior segment rechaema - 1(2:2*6) 
Macular pucker 2(59**) 4 (9*6) 
Choroidal! detachment 1 (2-5%) 7 (15-956) 
Chorosdal haemorrhage 4 (10%) 2(4 5%) 
Masarve proliferative vitreoretinopathy 3 (7:5%) 5 (11 3%) 


encountered, accounting for 30% of ARD in group 
A and 29-6% of ARD in group B (Table 2). Lattice 
retinal degeneration, which was more frequently 
associated with round retinal breaks, was present in 
about 30% of eyes in each group. 


RESULTS OF SURGERY 

The anatomical results of surgery in both groups of 
ARD were almost similar (Table 3). After a mini- 
mum follow-up of one year, the retina remained flat 
in 9096 of eyes in group A and in 9196 of eyes in group 
B following the first operation. * 

Visual recovery was a little better in group A 
(Table 4). However, the difference was not signifi- 
cant statistically (p>0-05) 

A relatively greater frequency of certain complica- 
tions in group B was interesting (Table 5) Three cases 
of postsurgical glaucoma in group B required timolol 
drops 0-596 twice daily for adequate control Macular 
complications resulted in reduced visual outcome 


Discussion 


The surgical outcome of retinal detachment in an 
aphakic eye is generally considered to be worse than 
in a phakic eye'* Difficulty in locating the small 
peripheral retinal holes in the presence of a poorly 
dilating pupil and hazy optical media is thought to be 
responsible for more operative failures.' Pre-existing 


822 


proliferative vitreoretinopathy, or its development 
postoperatively, is another factor contributing to 
poor results of surgery for ARD” 

Aphakic retinal detachments have been treated 
mostly by local scleral buckling combined with an 
encirclement in the hope that missed retinal holes 
would remain peripheral to the new ora serrata and 
that the subsequent development of fresh retinal 
breaks would not produce retinal detachment 
posterior to the circumferential ridge.* The early use 
of constricting encircling elements had two main 
objectives: the indentation of the sclera, creating a 
permanent buckle, and compensation for lost intra- 
ocular volume after drainage of subretinal fluid.’ It 
has also been argued that an encerclage would have a 
permanent effect on the release of vitreous traction.' 
However, scleral buckling and the relief of ordinary 
dynamic vitreous traction need not to be permanent." 

In this study the majority of detachments were 
caused by a single retinal break which could be easily 
closed by local scleral buckling. 50% of the single 
retinal breaks were traction tears, which are said to 
be uncommon in ARD.” Multiple holes, widely 
separated in the detached retina, were rarely 
encountered. Similar observations have been pre- 
viously reported? and do not support the common 
concept of so-called typical aphakic detachment' 
characterised by multiple holes. The success rate of 
reattachment with local buckling was as good as with 
the encirdlement procedure in this study, which 
suggests that most ARD can be safely treated by local 
scleral buckling alone. A slightly better visual out- 
come and a low incidence of serious complications 
associated with local buckling, as seen in the present 
series, merit the application of this procedure as the 
imtial method of repairing an aphakic retinal detach- 
ment. In this study cases of ARD with marked 
proliferative vitreoretinopathy and without any 
detectable retinal break were not included, as such 
eyes are usually treated by an encirclement pro- 
cedure and constitute not more than 20% of all ARD 
cases seen in this department. Encirclement does not 
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seem to prevent the development of proliferative 
vitreoretinopathy.* 

Encirclement is à perpetuation of a tradition in 
retinal detachment surgery, and there has been a 
tendency to perform this procedure in 'difficult' 
cases, including aphakic detachments. Higher 
incidence of glaucoma, anterior segment ischaemia, 
and choroidal detachment in cases treated by an 
encirclement i5 well known" and is supported by this 
study. Constrictive cerclage causes undesirable radial 
folds, postoperative pain, induced myopia, and pre- 
disposes to late intrusion of the element.’ 

This prospective study has shown that local scleral 
buckling alone can be very effective in the manage- 
ment of the great.majority of cases of aphakic retinal 
detachment provided a painstaking preoperative 
examination is carried out to locate the retinal breaks 
and assess the subtle vitreoretinal pathology. 
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Visual after-effects associated with the use of high- 
resolution visual display units 


D L SMERDON anp H E WILLSHAW 


From Birmingham and Midland Eye Hospital, Church Street, Burmingham 


SUMMARY A long-lasting visual after-effect associated with the use of a high-resolution green 
visual display unit (VDU) is described in eight normal volunteers. Its duration to a standard VDU 
exposure is measured. It is related to the McCollough effect and is thought to be either a fatiguing 
of green colour-coded edge-detectors or an associative phenomenon. A reduction or loss of the 
usual foveal peak of the critical flicker frequency (CFF) to red is also described. 


We report a long-lasting visual after-effect associated 
with the use of a high-resolution green computer 
screen. In recent years there has been concern over 
possible hazards from exposure to television screens 
and more recently microcomputer monitors and 
visual display units (from now on collectively refer- 
red to as VDUs)." In the past, subjective visual 
problems with VDUs have been attributed to poor 
hardware design, occult refractive error, and extra- 
ocular muscle imbalance or poor working environ- 
ment. Although steps have been taken to minimise 
these problems, one look at a microcomputer 
peripherals catalogue will show that they have not 
disappeared.‘ 

There have been no scientific reports of detectable 
visual ill effects from VDU exposure, and it has been 
said that screening for such ill effects is therefore 
unnecessary.'? The effect which we report, although 
not easy to quantify, is very easy to produce. We have 
tested eight normal volunteers for this effect. Our 
aims were: (1) to develop a test-card which would 
allow subjective detection of the after-effect; (2) to 
see what proportion of subjects could detect the 
after-effect; (3) to measure the duration of the after- 
effect to a standard VDU exposure; (4) to determine 
if there were any other effects of the green-screen 
VDU on colour vision. 


Materials and methods 


Eight normal volunteers were tested, four males and 
four females, with an age range of 19 to31 and a mean 
age of 25. Of the eight subjects tested only one had 
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any knowledge of the possible after-effects. No 
concurrent medication was allowed. 

A test card was constructed (Fig. 1). This was made 
from a sheet of black card cut to the same size as the 
VDU screen. White instant lettering in various sizes 
(24, 18, 14, 10, and 6 point) was used for the white- 
on-black text, and a small section of standard type- 
written text used for the black-on-white. Instant print 
white lines were used for the gratings (1-5 point) and 
the fan (2 point). The board was given a coat of matt 
finish protective sealant. It was examined at 0-75 m 
under ambient lighting. 

The standard exposure to the VDU screen was 
taken to be reading a word processing file (1164 
words on six screen pages) on a 12 inch (30 cm) green 
high-resolution VDU at a distance of 0-75 m under 
ambient lighting. Each page was exposed for one 
minute (extra time was spent rereading), giving a total 
of six minutes’ exposure. The brightness control was 
set to the minimum usable level (where formatting 
instructions and other half-intensity characters 
become barely visible) and its position marked. The 
screen luminance was 2-2 cd m^! as measured with a 
Gossen Mastersix Lightmeter (contact readings; 
angle @=0). No adjustment to the system was 
allowed between testing, and in view of this the 
screen luminance was assumed to remain constant 

The screen pixel resolution was 800x400. The 
mode used was 80 columnsx24 rows Each ‘letter- 
cell’ (one column by one row) was an area 10x16 
pixels. An 8X13 pixel central block was available for 
text construction. The blank border of the letter cell 
provided for horizontal and vertical letter spacing. 
Text was made up as in Fig. 2. 

Each subject was asked to comment on the test 
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1. This is an example of 6.5mm Helvetica 


2. Thisis an example of 5.0mm Helvetica 


3. This is an example of 3.7mm Helvetica 


This is an example o; 7.2mm Helvetica 


Fig l The test card 

card before and after VDU exposure, and then 
hourly thereafter until any visual after-effect had 
gone. Immediately after VDU exposure, but before 
the second test card examination, each subject was 
shown a plain white card. Any immediate after- 




































































Fig.2 VDU pixel construction 





image was allowed to fade completely before the 
second test card examination. The subjects were 
asked to examine and comment on the test card. A 
white card was then held over half the card as in Fig. 
3, and the subjects again asked for their comments 
Direct questions about colour were not allowed. If an 
after-effect was seen, direct questions were allowed 
about which parts of the test card were most affected 

lhe total duration of the effect was recorded 

Our colour vision tests were the Farnsworth- 
Munsell 100 hue-test and the Tübinger critical flicker 
frequency (CFF) profile. The latter test was per- 
formed at three retinal locations (foveal and 10° to 
either side) to a 0-1° (approximately 6 mm) green 
(550 nm) then red (656 nm) target. Background 
luminance of 10 asb (approximately 3 cd m ^) and 
prefilter target luminance of 1000 asb (approximately 
30 cd m ^) were used. The end point for each reading 
was taken to be the first detection of flicker when the 
flicker frequency was reduced from just inside per- 
ceived fusion. Plotted graphically, the usual result is a 
foveal peak for each colour and target size. Both 
these tests were performed before and within one 
hour of the test exposure 
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Fig.3 The test card in use with white card as comparison. 


Results 


None of the subjects reported any visual problems 
with the test card prior to VDU exposure. After 
VDU exposure seven out of eight subjects reported 
no immediate after-image on the white card. The 
eighth subject did report an immediate after-image of 
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each subject. The test card responses are summarised 
in Table 1. All subjects saw the white-on-black print 
and lines as somewhere between pink and blue. Five 
thought the smallest print was most coloured. Seven 
observed a shift towards the larger print when the test 
card was moved further away. 

All subjects found the gratings to be coloured. 
Three reported that the gratings were of equal 
colour, three that the horizontal and two that the 
vertical lines were more coloured. The fan produced 
a similar response, but, in addition seven reported 
that the oblique lines were least coloured. The white 
box with the typewriting was seen unchanged by one 
subject, whereas the others saw the white box 
surrounded internally by a coloured fringe extending 
in by 1 or2 mm. Six of these subjects saw the letters in 
the white box as if they had been typed on a coloured 
band. 

On repeated testing the effect was found to 
decrease steadily. The first part of the test card which 
reverted to normal was the apparent coloured band 
under the type. The oblique lines on the fan followed, 
then the fringe round the white box. The gratings 
faded next, leaving the white-on-black print as the 
last part of the card to revert to normal. 

The duration of the effect lasted from 2 to 11 hours, 
with an average of 5-5 hours. 100-hue testing 
revealed no gross change (Table 2). 


























a purple horizontal bar towards the lower border of Table? Results of Farnsworth-Munsell 100-hue testing 
the card. This faded completely within one minute. Sübiec Svo 

Five subjects reported an immediate apparent ii a 
change in the test card. The white lines and lettering Before After 
appeared coloured. The other three subjects did not rs 20 
appreciate any change until the sheet of white paper > 44 12 
was examined for comparison, when the perceived — 3 12 24 
colour change became apparent. Direct questioning 4 86 38 
about colour change was not required. 3 w Ps 

The colour seen varied from pink through purple ; 3 a 
and mauve to ‘blueish’, but remained constant for g 7 83 
Table 1 Test card responses immediately after test exposure 
Subject Hue White text White box Gratings Fan Duration 

hours 
1 3 5 cs Print Border V H y H [e] 

1(F) Pk ++ ++ +++ Y ++ ++ ++ +++ ++ +++ + 6 
2(F) B +++ +4 ++ N + ++ ++ ++ ++ ++ + 2 
3(F) Pk ++ ++ ++ ¥ + ++ ++ +++ ++ +++ + 5 
4(F) M ++ ++ +++ N + ++ ++ ++ ++ ++ B 5 
S(M) PI tec +++ +++ N +4 +++ +++ ++ +++ ++ + 5 
6(M) PI +++ ++ ++ Y 0 + ++ +++ ++ ++ ++ 3 
7(M) PI ++ ++ +++ Y ++ E +++ ++ ++ ++ + 7 
8(M) PI E ++ +44 N 0 0 ++ +++ ++ +++ ++ 11 





CS=colour shift towards larger letters when test car moved away. Scores indicate qualitative relative intensity of effect. 


V=vertical. H=horizontal. O=oblique 
Pk=pink. B=blue. M=mauve, Pl=purple. 


826 


Table3 Averaged results of criucal flicker frequency 


Target colour Degrees from fixation 
10 nasal 0 10 temporal 
Green before 34-0 43:5 34 5 
after 436 49-9 42-4 
Red before 25:2 290 24-7 
after 33-4 328 31-5 


Measurement of the critical flicker frequency 
(CFF) profile to red and green showed a preservation 
of contour of the CFF profile to green, but a 
consistent reduction, or loss, of the foveal peak of the 
CFF profile to red (Table 3). This is plotted graphic- 
ally in Fig. 4. The averages of the frequencies at the 
three retinal locations have been plotted for red and 
green targets before and after VDU exposure. 


Discussion 


We report two effects. The first was a subjective 
change in hue of white print and lines on a black 
background and to a less extent black print on a white 
background. 

This was not a standard coloured after-image, 





D L Smerdon and H E Wilshaw 


which is gone within minutes and requires only a 
white background to observe.* One of our subjects 
saw a standard after-image after her test exposure. 
She saw a purple bar inferiorly on the white card. 
This was produced by the horizontal green bar at the 
foot of the VDU screen (the status line in the 
Superwriter word processing program). It was gone 
within one minute. A standard after-image is pro- 
duced by fatiguing specific colour sensitive cones. 
The remaining cones respond normally, producing a 
relative overaction, hence the coloured after-image. 

A related phenomenon occurred on viewing the 
test card. There were, however, important differ- 
ences. This effect lasted an average of five hours after 
only six minutes' exposure and was not seen on plain 
white paper. The effect required white print on a 
black background or other white-black interface for 
its detection. This would suggest that an edge- 
detecting mechanism was involved. 

It would seem that the green-sensitive edge 
detectors were fatigued. Detectors sensitive to red 
and blue edges were unaffected and therefore rela- 
tively overacted and produced blue-red colours at 
white-black interfaces. This mechanism took con- 
siderably longer to return to normal than cone fatigue 
and would suggest as different site of processing. 


Green Red 
70 
60 
50 
40 
30 - => 
20 
10 
Hz 
10 0 10 10 0 10 
degrees from fixation degrees from fixation 
before —o- 
after —e— 


Fig. 4 Critical flicker frequency profiles to red and green targets before and after VDU exposure. 
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Hg.5 The McCollough effect test pattern. 


Fatigue of colour-coded edge-detectors had been 
described before? and is known as the McCollough 
effect, which is produced as follows. A horizontal and 
then a vertical square-wave grating is viewed alter- 
nately for several seconds. The horizontal has a blue 
and the vertical an orange background. After 10 
minutes of this adaptation a subsequently observed 
test pattern (Fig. 5) looks orange on the right and 
blue-green on the left. The colours exchange places 
when the figure is rotated through 90° and is therefore 
orientation specific. In other words, the effect is an 
orientation-contingent chromatic after-effect 
(OCCA). Many studies have since been done on 
OCCAs which have increased our knowledge about 
them, but great debate still exists on where and how 
they are produced. 

We used computer generated text instead of a 
grating as a stimulus and believe we have fatigued all 
the green sensitive edge detectors, not just those of a 
particular orientation. However, given the pre- 
dominance of vertical and horizontal lines in the 
make-up of individual letters, it is not surprising that 
we found the oblique lines on the fan to be least 
coloured. The test-card included lines much longer 
than any single line found in the computer text, and 
yet these were as coloured as the text itself. This 
would suggest that this mechanism of colour coded 
edge detection is not line-length specific. 

Recent studies into OCCAs have suggested that 
they may represent a conditioned response.'? This 
view was supported by the finding that, after test 

, occluding the eyes prevented deterioration 
of the effect for surprising amounts of time — over 10 
days in one study.’ It was thought that presenting the 
test pattern weakened the conditioned response 
(rather like Pavlov ringing his bell without giving 
food) and produced decay of the effect. The effect 
decayed faster the more it was tested. One might 
expect that if the subject was not tested the effect 
would persist indefinitely. This was found to be true 
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only if the eyes were occluded, because incidental 
exposure to the white-black interfaces which exist in 
our everyday surroundings initiate decay of the 
effect." Other workers have doubted the condition- 
ing theory." 

One of the characteristics of OCCAs is their long 
duration when compared with standard after-images. 
The OCCA-like effect produced by the VDU has a 
similar longevity. In recent studies the higher the 
luminance of the stimulus pattern, the greater the 
saturation of the initial after-effect. Similarly, the 
longer the test pattern exposure, the longer lasting 
the OCCA." The experienced observer can detect 
this effect 24 hours after an exposure of one hour 
(personal observation). It is possible that this after- 
effect is responsible for some of the subjective 
complaints of VDU operators, who may have this 
effect for prolonged periods of time. It may go 
unnoticed by the VDU operator for prolonged 
periods, as it produces only a subtle change in the 
observers surroundings. This may lead to visual 
symptoms (personal observations). With this in mind 
a VDU which does not produce this effect would 
seem preferable. The effect is not unique to the 
VDU, in that a colour transparency of the VDU 
screen with similar luminance, produces a very 
similar response. 

We confirmed previous findings that colour vision 
is not affected by green-screen VDUS in that there 
was no significant change in the Farnsworth-Munsell 
100-hue test. However, we did find a tendency 
towards reduction or loss of the foveal peak of the 
CFF profile to red. CFF is a reflection of the 
refractory period of the retinal neurones under study; 
the longer the refractory period, the lower the CFF. 
The expected result when the colour CFF is tested at 
fixation and 10° to either side is a foveal peak (except 
with blue light, when such a peak is difficult to detect 
owing to the relative scarcity of foveal blue cones). 
We expected there to be no change or, if the test was 
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performed soon enough after the VDU exposure, a 
reduction in the foveal peak of the green CFF profile 
consistent with the expected changes in a standard 
after-image. The reason for the reduction in the 
foveal peak of the red CFF profile is unknown and 
merits further study. 


We thank Mr Ivan Bradiey, senior medical photographer at tbe 
Birmingham and Midland Eye Hospital, and the staff of the 


Department of Medical Photography, East Birmngham Hospital 
for the illustrations. 
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Long-term follow-up of a prospective trial of argon 
laser photocoagulation in the treatment of central 


serous retinopathy 


LINDA FICKER, GILLIAN VAFIDIS, ADRIAN WHILE, 


From Moorfields Eye Hospital, City Road, London 


AND PETER LEAVER 


SUMMARY [na prospective randomised trial of argon laser photocoagulation in the management 
of central serous retinopathy, long-term follow-up (6-4 to 12-1 years) revealed no evidence that 
treatment significantly influenced the visual outcome as measured by the Snellen chart and by the 
Farnsworth-Munsell 100-hue test. Treatment did not reduce either the recurrence rate or the 
prevalence of chronic disease. Complications of treatment were uncommon. The justification for 
argon laser photocoagulation appears to be limited to the hastening of symptomatic relief by earlier 


resolution of serous detachment. 


In central serous retinopathy (CSR)' there is serous 
detachment of the macular retina. It generally 
follows an acute course, with spontaneous resolution 
and good recovery of visual function. A chronic 
course supervenes in a minority of patients, in whom 
progressive retinal pigment epithelial changes are 
associated with permanent impairment of visual 
function. This course may be a consequence of either 
multiple recurrent attacks or chronic detachment. 

The development of suitable photocoagulation 
techniques" has enabled accurate treatment to the 
source of subretinal fluid as determined by fluores- 
cein angiography.'* Acute studies have shown that 
the duration of macular detachment is reduced by 
focal application of argon laser photocoagulation 
to the sites of ‘leakage’ in the retinal pigment 
epithelium.^ Resolution of serous detachment is 
associated with symptomatic improvement following 
photocoagulation,’*" though it is acknowledged that 
symptoms may persist to a variable degree despite 
reattachment of the retina. " 

Sixty-seven eyes in a randomised controlled 
clinical trial, were initially reported on in 1979.* In 
the original study there was no significant difference 
in final visual outcome between the treated and 
untreated groups of patients as judged by Snellen 
acuities and Farnsworth-Munsell 100-hue discrimina- 
tion. No patient suffered visual loss because treat- 
ment was withheld. The purpose of our long-term 
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study was to establish the recurrence rate of CSR in 
treated and untreated patients. In addition we wished 
to identify any differences in long-term visual out- 
come between the two groups and any complications 
of treatment, factors which are important in a recur- 
rent disease affecting the socioeconomic potential of 
young people. 


Patients and methods 


Seventy consecutive eyes with CSR in 69 patients 
referred to the Retinal Diagnostic Department of 
Moorfields Eye Hospital between 1973 and 1977 
satisfied the following criteria for admission to the 
study: (1) corrected visual acuity (VA) of 6/12 or 
better; (2) retina detached at the fovea; (3) retinal 
pigment epithelial (RPE) defects smaller than one 
disc diameter (DD); (4) no symptomatic improve- 
ment since the onset of the attack; (5) absence of 
subretinal exudates; (6) no cystic retinal oedema 
present; (7) no associated ocular disease; (8) 
informed consent to participate in the study. Patients 
were selected at random by drawing a card in a sealed 
envelope so that half were treated and half untreated. 
It was ruled that eyes in the untreated group in which 
the corrected VA fell to less than 6/12 during the 
study or which developed cystic retinal oedema or 
subretinal exudates should be treated and classified 
as cases of failed conservative management. No 
patient was withdrawn from the study. for these 
reasons. mei 
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Fluorescein angiography was used to identify the 
leakingsite, which was then treated with the Coherent 
Radiation 800 argon laser using burns of 50 to 200 um 
in diameter, 20 to 200 milliseconds in duration, and 
150 to 400 milliwatts of power. Initial and final 
examinations included clinical history, assessment of 
best corrected VA, Farnsworth-Munsell 100-hue 
error score, funduscopy by both the Hruby lens and 
the indirect ophthalmoscope, and fluorescein angio- 
graphy. 

Of the 70 eyes entered into the study three were 
excluded from the original report because they had 
not been followed up for six months. A further four 
had missed visits. Hence data from 63 eyes were 
initially reported. Of the 70 eyes 44 (6396) were 
available for review at intervals ranging from 6-4 to 
12-1 years after their initial presentation. Changes in 
patients' domicile and social status made contact 
difficult, while some patients, particularly those who 
had not received treatment, were reluctant to spend 
time attending for review. Twenty-one patients could 
not be traced, two had died, two refused to attend, 
and one was known to have emigrated. 

The mean follow-up for the untreated group 
(n=19) was 9-5 years and for the treated group 
(n= 25) 9-1 years. In the untreated group six patients 
were treated for recurrence after the initial attack 
and were reclassified as a separate group of subse- 
quently treated patients (group S). The remaining 13 
untreated patients were designated group U and the 
25 treated patients group T. 


Results 


Persistent symptoms (mostly paracentral scotomata, 
minimal distortion, and colour desaturation) were 
reported by 23 patients; 6 (47%) in group U, 5 (83%) 
in group S, and 12 (48%) in group T. Visual acuities 
among these patients were 6/9 or better, with the 
exception of one patient with extensive disease 
whose VA fell to 6/60 in group S (Fig. 1). The scores 
for visual acuity and 100-hue discrimination for this 
patient were excluded to allow statistical analysis. 


VISUAL ACUITIES 

Visual acuities were converted to a simple numerical 
scale from 1 (6/4) to 5 (6/12). The mean VA on 
presentation, as originally reported, was 3-9 in the 
control group (3-8 in group U and 4-2 in group S) and 
3-7 in the treatment group. At final follow-up the 
visual acuities for the three groups were 2-0 (group 
U), 2-0 (group S, excluding the only patient in the 
study to fall below 6/12 to 6/60), and 1-9 (group T). 
Visual acuities of 6/6 or better were achieved in 37 
patients of the 44 at long-term follow-up; 12 (92%) in 
group U, 5 (83%) in group S, and 20 (80%) in group 
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T. There were no significant differences in VA 
between untreated patients (group U) and patents 
randomised to treatment (group T), either initially 
(p=0-606) or at final follow-up (p=0-489) (Mann- 
Whitney U test). 


HUE DISCRIMINATION. 

Results were available for 35 cases. The mean error 
scores at presentation were 243 in group U, 284 in 
group S, and 290 in group T. The final error scores 
were 104 in group U, 99 in group S (excluding the 
patient with final VA 6/60 whose’score was 787), and 
112 in group T. These represent changes of 59%, 
70%, and 60% respectively. There were no statistic- 
ally significant differences between the error scores 
for untreated patients and those randomised to 
treatment either initially (p=0-67) or at final follow- 


up (p=0-94). 


RECURRENCES 

Thirteen patients gave histories of recurrence during 
the follow-up period—37% of the original control 
group and 28% of the treatment group. The differ- 
ence was not statistically significant (p=0-76). A 
further eight were found to have fluorescein angio- 
graphic appearances consistent with recurrent 
disease. Hence angiographically documented recur- 

rence occurred in 53% of the original control group 
and 44% of the treatment group. This difference was 
not significant (p=0-79). 

Of the 13 symptomatic patients five presented at 
the time of their recurrence. The site of recurrence 
could therefore be identified in these cases. Two 
patients (group U) presented within 12 months of the 
original episode and three presented later, between 
15 and 29 months (two treated patients and one 
control). The recurrences were multifocal and, 
included the original focus of leakage (Fig. 2) in the 
untreated patients. Recurrence occurred within 200 
um of the original leak, on the border of treated 
pigment epithelium, in treated patients. One treated 
patient had a new remote site of leakage in addition 
to two new leaks adjacent to the original foci (Fig. 3). 

The chronic phase of the disease represents a 
threat of permanent visual loss and is characterised 
by progressive retinal pigment epithelial disturbance. 
Of the 41 patients on whom follow-up fluorescein 
angiography was performed two untreated, five 
treated patients, and two from group S were found to 
have diffuse hyperfluorescence exceeding 3000 pm 
(2 DD). Of these, eight gave no history of recurrence 
during the period of progressive retinal pigment 
epithelial change. The distribution of this change was 
inferior to the original sites of documented leakage in 
each case. There was no difference in the prevalence 
of chronic disease between the groups. 
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COMPLICATIONS OF TREATMENT 

Choroidal neovascularisation was identified at the 
sites of treated focal leakage in two patients, but 
neither was symptomatic (Fig. 4). In both cases the 
treatment site was within 750 um of the fovea. A 
further patient showed angiographic evidence of 
leakage without a clearly identifiable capillary tuft at 
the photocoagulation site; choroidal neovascularisa- 
tion could not be excluded as the cause. The neo- 
vascular membranes did not involve the fovea at 
follow-up. intervals between eight and nine years 
after treatment, and VAs in these three eyes were 6/5 
or better. 





Discussion 


The main issue we are concerned to address is the 
role of photocoagulation in the management of 
central serous retinopathy. We defined our diagnos- 
lic criteria and selected patients with good initial 
visual acuity for whom a decision concerning treat- 
ment presents a dilemma given the expected spon- 
taneous resolution of the disease. 

The long-term visual outcome in our study was 
good and was not significantly different in treated 
patients as compared with untreated patients. A 
similar result was observed in a randomised trial of 





Fig.2 


A: Leakage in acute CSR, B: Multifocal recurrence including original focus 
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Fig. 3 


treatment by Watzke er al., while Klein er al 
reported spontaneous recovery with vision of 6/12 in 
27 consecutive patients treated conservatively 

The rationale for treatment as postulated by 
Maumence' was that central serous retinopathy 
resulted from leaks through defects in Bruch’s mem- 
brane and the adjacent retinal pigment epithelium 
and that focal photocoagulation would occlude these 
defects. 

While it is true that direct photocoagulation 
reduces the duration of detachment in comparison 
with indirect or no treatment,' " the mechanism by 


A: Leakage in acute CSR. B: Recurrence adjacent to treated sites 


which this is achieved remains controversial. 
Spitznas" has reviewed the experimental evidence on 
the nature of the retinal pigment epithelial abnor- 
mality. He postulated a reversal in the direction of 
water transport across the abnormal retinal pigment 
epithelium such that this occurs from the choroid 
towards the neuroretina.^ Photocoagulation may 
achieve resolution of detachment by destroving the 
abnormal focus of pigment epithelial cells and induc- 
ing migration of adjacent epithelial cells across the 
treatment site, hence restoring function to the focus 
of ‘leakage’. In our study recurrence did not occur at 





A. B: Choroidal neovascularisation at treatment site 


Fig. 4 
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the treatment site but from a focus about 200 um 
from it, while recurrence in untreated patients did 
indeed occur at the site of the original leak. There 
was, however, no difference in the recurrence rate of 
acute CSR between the two groups. 

The recurrence rate among treated and untreated 
patients has not hitherto been established for a 
prospective, randomised trial, and existing data are 
not concordant. No significant difference was found 
by Watzke et al." in a prospective study, nor by 
Nanjiani" or Gilbert et al.” in retrospective studies, 
while Dellaporta^ and Robertson and llstrup 
believed there was a reduced incidence of recurrence 
among treated patients. Robertson and llstrup' 
found no recurrence among a small number (n=7) of 
treated patients whose outcome was reported at 18- 
month follow-up. In our long-term prospective study 
we found no evidence that treatment reduced the 
recurrence rate of acute CSR. 

Of particular interest was the finding that treat- 
ment did not reduce the incidence of chronic disease. 
The concept of chronic disease is now widely 
accepted, though it is uncertain whether this 
represents recurrence or the chronic passage of fluid 
across the retinal pigment epithelium (RPE) towards 
the neuroretina.' "?' The manifestation of chronic 
disease is the involvement of large areas of abnormal 
RPE, contiguous with the original site of leakage and 
often gravity-dependent, which are angiographically 
evident as areas of hyperfluorescence at the level of 
the RPE. Our results do not support the concept that 
chronic disease results from recurrence, since only 
one patient with chronic disease had a history of 
recurrent disease and of the 13 with symptoms of 
recurrent attacks only one had chronic disease. 

The most serious complication of treatment is 
choroidal (subretinal) neovascularisation as reported 
by Schatz er al.” It is assumed that, when a diagnosis 
of CSR is made, early neovascular membranes 
(NVM) can be specifically excluded as a cause of 
serous detachment. In earlier series this possibility 
was not fully appreciated, and of the 27 cases 
reviewed by Schatz er al. a proportion did indeed 
have NVMs rather than CSR at the time of diagnosis. 
In others NVMs were suspected but not proved. Of 
the cases of true CSR in which development of an 
NVM followed laser treatment, the common factor 
was the proximity of the leakage site to the fovea. 
Schatz et al. postulated that the combination of high- 
power densities delivered and the high concentration 
of absorbent pigments at the fovea probably resulted 
in ruptures of Bruch's membrane, hence stimulating 
neovascularisation. These cases were symptomatic 
and therefore presented to an ophthalmologist. 
NVMs have not been reported in many series. 
Watzke et al." reported two among 20 treated cases 
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and these involved central vision. Our cases, how- 
ever, demonstrate that NVMs distant from central 
vision may be both asymptomatic and stable, which 
may account for the paucity of NVMs complicating 
treatment which have been reported, particularly in 
retrospective studies. 

Most patients with CSR who present with VAs 
equal to or better than 6/12 achieve recovery of good 
visual acuity, which is hastened by laser treatment. 
The only patient to suffer visual deterioration was 
originally in the untreated group. The visual out- 
come, however, as measured by Snellen acuities and 
Farnsworth Munsell 100-hue discrimination, does 
not necessarily measure all attributes of visual func- 
tion and permanent symptoms existed in patients 
with good recovery of function as measured by these 
techniques. It was found by Chuang et al.” that rod 
threshold elevation during acute CSR exceeded 3-5 
log units and was directly related to the height of the 
detached retina. Recovery of threshold to within 0-5 
log unit of normal was recorded within three weeks of 
clinical resolution. Thus a small long-term deficit 
remained. Chronic disease was characterised by 
threshold elevation of 3-5 log units in areas of 
abnormal RPE in the absence of detectable neuro- 
sensory detachment. 

There was incomplete ascertainment, since only 
63% of the patients entered into the trial were 
reviewed, and it is possible the results may be biased. 
This is unlikely, because the main reason for failure 
at follow-up was that patients were untraceable, and 
this would not be expected to be biased by visual 
outcome. 

We conclude that treatment does not reduce the 
incidence of recurrent disease or of chronic CSR in 
which progressive retinal pigment epithelial disturb- 
ance presents a real threat of permanent visual loss. 
Our results suggest that the conclusions drawn from 
the original study remain valid; that the role of argon 
laser photocoagulation in CSR with good visual 
acuity is limited to hastening relief of symptoms by 
achieving speedier resolution of serous detachment. 


We thank Professor Alan Bird for his help and encouragement in the 
preparation of this manuscript, Peter Clark for the statistical 
evaluation of our data and the Department of Medical Illustration, 
Moorfields Eye Hospital, for preparation of the photographs. The 
study was supported by the Locally Organised Research Scheme. 
Moorfields Eye Hospital. 
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Changing fluorescein angiographic appearance of a 


subretinal membrane 


GIUSEPPE GIUFFRE 


From the Istituto di Clinica Oculistica dell' Università, Palermo, Italy 


SUMMARY A patient is described in whom a post-traumatic subretinal membrane changed with 
time from a hypofluorescent to a hyperfluorescent appearance. It is suggested that the early 
hypofluorescence was due to a masking effect of the hyperplastic retinal pigment epithelium and 
the late hyperfluorescence to pigment defect and staining of the membrane. 


Subretinal fibrosis is a clinical entity infrequently 
reported. It may be secondary to trauma,' retinal 
detachment,’ or uveitis.’ The fluorescein angio- 
graphic features of the subretinal fibrosis are contro- 
versial, since it has been described as a lesion showing 
staining’ or lacking any fluorescence.’ 

We followed up a case of post-traumatic subretinal 
fibrosis for some years and record previously 
unreported changes in the fluorescein angiographic 
characteristics of the lesion. 


Case report 


A 47-year-old man, hit in the right eye with a thick 
rubber band, was observed three months after the 
injury. The retina showed a macular cyst and, 
superotemporally to the macula, a greyish, star 
shaped area of subretinal fibrosis (Fig. 1, left). The 
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fluorescein angiography in the early phase showed 
masking hypofluorescence of the fibrotic tissue, 
except for the vertices of the lesion, which displayed 
transmitted hyperfluorescence (Fig. 1, centre). The 
hyperfluorescence increased in the late venous 
phase, but the lesion did not show leakage (Fig. 1, 
right). The visual acuity was 20/60. 

After three years the macula developed two holes. 
The star-like lesion did not change its shape, though 
it acquired a whitish colour (Fig. 2, left). Early in 
fluorescein angiography the area of fibrosis showed 
transmitted hyperfluorescence (Fig. 2, centre), and 
later the hyperfluorescence increased owing to stain- 
ing (Fig. 2, right). The visual acuity was 20/30, and 
fixation occurred along the temporal edge of the 
larger macular hole. 


Discussion 


After retinal damage the cells of the retinal pigment 
epithelium may proliferate in the subretinal space, 





Fig. 1 


The retina shows a greyish subretinal membrane and a macular cyst (left). The membrane is hype fluorescent from the 
early phase of fluorescein angiography (centre), but the vertices of the lesion display increasing h yperfluorescence (right). 
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Fig. 2 
fluorescein angiography shows transmitted hyperfluorescence of the whole lesion (centre) and late staining of the membrane 
(right). 


producing connective membranes.* At times these 
pigment epithelium cells may flatten, lose their 
pigment granules, and degenerate, so that the main 
component of the membrane will be the connective 
lissue.' 

In the case reported here the grey subretinal 
membrane appeared hypofluorescent, probably 
because it was mainly composed of retinal pigment 
epithelium cells that masked the choroidal fluores- 
cence. The vertices of the membrane, which are its 
oldest parts, had lost the cellular component and 
showed transmitted hyperfluorescence and staining. 
After some years, when the membrane acquired a 
whitish colour and was probably formed mainly of 
fibrous tissue, it showed hyperfluorescence from the 
early phases of fluorescein angiography. It can be 
supposed that the degeneration of the retinal pig- 
ment epithelium located under the membrane caused 
the early transmitted hyperfluorescence, and the 


After three vears the subretinal membrane acquired a whitish colour and the macula developed two holes (left). The 


staining of the connective membrane caused the late 
hyperfluorescence. 

Thus it seems that the fluorescein angiographic 
appearance of the subretinal membranes can give 
information about the age of such membranes. 
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Photocoagulation of raised new vessels by long- 
duration low-energy argon laser photocoagulation — a 


preliminary study 
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From the Tennent Institute of Ophthalmology, University of Glasgow, Western Infirmary, Glasgow G11 6NT 


SUMMARY Direct laser treatment of retinal neovascularisation is indicated when regression has not 
been brought about by retinal photocoagulation. Current treatment regimens involve multiple 
laser applications to the neovascular complex. Long-duration low-energy burns have the 
advantage of slowly heating the tissue without engendering disruption. We report the use of this 
treatment as a means of occluding the feeder vessels to a neovascular network. The application of 
argon blue-green laser treatment at 0-1 watt for 60 seconds at two adjacent points on a feeder vessel 
was found to give rise to permanent vascular occlusion without causing complications. 


One of the primary intentions of the development of 
photocoagulation was to occlude raised retinal new 
vessels. However, even with the argon laser, with its 
coherence, selective absorption, and ease of varia- 
tion of the size and duration of each burn, direct 
treatment was often found to be ineffective and 
difficult. It was subsequently found that the sur- 
rounding retinal damage engendered by the photo- 
coagulation treatment appeared to bring about 
regression of such aberrant vasculature as a second- 
ary phenomenon. Panphotocoagulation was thus 
introduced as a means of inducing regression. 
Nevertheless, raised new vessels continue to present 
problems when panphotocoagulation fails to induce 
regression.’ Argon laser treatment strategies have 
thus been devised in which multiple lesions are 
applied repeatedly to the neovascular network in 
order to induce regression. Such treatment is time 
consuming and may be complicated by vitreous 
haemorrhage,°* retinal holes, and  preretinal 
fibrosis.' 

Recently long-duration (10—30 seconds) low 
energy (0-2-0-4 watt) laser photocoagulation has 
been advocated as a means of treating choroidal 
melanoma.’* However, to our knowledge similiar 
treatment has not hitherto been described as being 
applied to raised new vessels. 

We report on a patient with perivasculitis retinae 
(Eales' disease) in whom repeated photocoagulation 
of ischaemic retina failed to induce regression of 
Correspondence to Gordon N Dutton, FRCS. 
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neovascularisation, but for whom the direct applica- 
tion of long-duration low-energy treatment was 
found to be effective in producing closure of the 
aberrant vasculature. 


Patient and methods 


A 29-year-old healthy male presented with sudden 
loss of vision in the left eye. Clinical examination 
revealed a vitreous haemorrhage arising from 
abnormal raised new vessels in the inferonasal 
quadrant of the left peripheral retina. The aberrant 
vasculature comprised feeder vessels from the 
venous side and a fine network of minute vessels and 
gliosis underlying a detached posterior vitreous face 
(Fig. 1). Fluorescein angiography showed patent 
abnormal vessels arising from the venous circulation, 
which was surrounded by areas of capillary closure 
(Fig. 2). This late frame showed leakage from the 
neovascular complex. Unfortunately the patient was 
violently sick following intravenous fluorescein, and 
no further fluorescein angiography was performed. 
Blue-green argon laser photocoagulation was carried 
out over the area of capillary closure. No direct 
treatment was administered to the abnormal vascula- 
ture at this stage. No regression of the new vessels 
was engendered by this treatment, and further coagu- 
lation of the ischaemic area was performed six weeks 
later. The patient was followed up for six months but 
again there was no evidence of regression (Fig. 3). 

In view of the risk of recurrent vitreous haemorr- 
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Fig. 1 Fundus photograph of neovascular membrane 
overlving the left inferonasal retina. 


hage direct photocoagulation of the abnormal new 
vessels was carried out. There were two main feeder 
vessels which each divided into two main branches; 
three of these main branches were elevated from the 
retina. Treatment was applies as follows. Topical 
local anaesthetic was instilled and a three-mirror 
contact lens applied. The biophysic medical argon- 
krypton laser was employed with the time setting 
adjusted to continuous. The argon blue-green laser 





Fig.2 
peripheral retinal capillary closure and leakage of dve from 
raised new vessels. 


Fluorescein angiogram taken at 52 seconds showing 
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Fig. 3 Fundus photograph taken after two sessions of argon 
laser photocoagulation of the ischaemic retina. There has 
been no regression of the neovascular membrane 


was aimed at a point on the abnormal vessel and the 
foot switch depressed. Two adjacent points along the 
uppermost vessel were treated with 0-15 watt, with a 
50 um spot size, delivered continuously for 30 
seconds. The duration of laser application was timed 
to the nearest second. (The laser employed has 
a protective filter between the patient and the 
operator, and thus the position of the treatment 
being applied can be visualised throughout.) After 





Fig.4 Fundus photograph taken 48 hours after long- 
duration low-energy argon blue-green laser 
photocoagulation of the upper feeder vessel supplying the 
neovascular membrane 


Photocoagulation of raised new vessels 





Fig. 5 Fundus photograph taken six months after long- 
duration low- energy argon blue-green laser 
photocoagulation of the three feeder vessels supplying the 
neovascular membrane. Complete regression of the new 
vessels has taken place. 


this first application the treated vessel was occluded 
by the following day, but a flame shaped haemorr- 
hage was later observed adjacent to the vessel (Fig. 
4). 

Consequently for further applications a lower 
energy setting was used (0-1 watt) with twice the 
duration of exposure (60 seconds). The two remain- 
ing raised vessels were treated by the same method at 
the same sitting. On this occasion narrowing of both 
vessels was seen the next day, and closure was 
observed four days later. Six months after treatment 
the new vessels remained closed (Fig. 5). 


Discussion 


Elevated new vessels and vascular loops have 
hitherto proved difficult to occlude by direct photo- 
coagulation, The light emitted by the argon blue- 
green laser is absorbed by haemoglobin.” It thus 
provides an appropriate means of occluding new 
vessels. Treatment strategies at present employed 
involve the application of repeated, multiple, 
relatively high-energy low-duration burns to the 
abnormal vessels. Such vessels are friable and 
susceptible to rupture, particularly if laser treatment 
is too heavy. It is thus not surprising that this time 
consuming mode of treatment is commonly accom- 
panied by haemorrhage, the very complication which 
the treatment is designed to avoid. 

The rate of blood flow in the main retinal vein is 
between 12 and 14 mm per second as determined by 
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the differential laser Doppler method." Thus, when 
laser energy is applied to the retinal vein, heat it 
dispersed by a flowing blood column. For this reason 
treatment strategies have been designed which begin 
by occluding the terminal portions of the neovascular 
fronds in which the rate of blood flow is lower. The 
rationale of the treatment described in the present 
study was gradually to heat the venous feeder vessel 
and thereby induce stasis and thrombosis of the blood 
column between two points of coagulation. Vessel 
closure is brought about without vitreous haemorr- 
hage in a single short treatment session. 

Experimental work with rabbits has shown 
moderate swelling of the nerve fibre layer after light 
coagulation, and it is possible that this phenomenon 
may contribute to the vessel closure." Vascular 
spasm may also be a factor in giving rise to narrowing 
of the vein.* Once the laser treatment has brough 
about stasis within the vessel being treated, it is likely 
that the heat being taken up by the blood column 
would be transmitted to the adjacent vessel wall. In 
addition, the oxyhaemoglobin will become reduced 
to haemoglobin in a static blood column. Reduced 
haemoglobin has a higher energy absorption for 
argon blue-green laser than oxyhaemoglobin," thus 
potentiating the effect of treatment. 

Only lasers in which a protective filter rather than a 
shutter is fitted can be used for the type of treatment 
described in this paper. The filter precludes accurate 
assessment of the visible effect of the retinal burn. 
The area of whitening is seen only when the laser is 
switched off. Moreover 'closure' of the vessel being 
treated is not observed during treatment but is seen 
shortly afterwards. Thus the time duration of treat- 
ment must be empirical and awaits definitive histo- 
pathological investigation. 

As the time duration of laser application is reduced 
and the energy level increased, the focal temperature 
becomes higher. This can cause vaporisation and 
haemorrhage in the target tissue.'* Photocoagulation 
regimens which include initial treatment of the feeder 
vessel to cause spasm have been described." How- 
ever, we suggest that by increasing the time and 
concomitantly reducing the energy the safety margin 
for treating retinal new vessels is increased. Further- 
more, direct closure of retinal new vessels by using 
multiple laser applications is time consuming for the 
clinician and is uncomfortable for the patient. On the 
basis of our experience with this patient we would 
suggest that any studies designed to delineate the 
optimum energy and time criteria for vessel closure 
could begin with the findings we have described. 
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Evaluation of a non-mydriatic camera in Indian and 
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SUMMARY 


The value of the Canon CR3-45NM non-mydriatic fundus camera in screening for 


diabetic retinopathy has been assessed in two ethnic groups, namely, 45 Indian and 40 European 
diabetic patients. There was 72% agreement between ophthalmoscopy by an ophthalmologist and 
the photographic assessment, and 100% agreement on clinically important lesions requiring 
treatment. However, peripheral retinal lesions, seen on ophthalmoscopy but lying outside the 
photographic field, occurred in 4% of eyes. 6% of photographs were totally unassessable and an 
additional 12% were only partially assessable. The prevalence and severity of retinopathy was 
similar in Indian and European patients. The advantages and disadvantages of the non-mydriatic 
camera in screening for diabetic retinopathy are discussed. 


Ophthalmoscopy and conventional retinal photo- 
graphy are the two methods most often used to 
diagnose diabetic retinopathy. Both require 
pupillary dilatation, which may be a disadvantage in 
epidemiological studies and in busy clinic settings, 
when many patients need to be screened relatively 
quickly. The recently introduced non-mydriatic 
fundus camera'' seems to be the ideal tool for these 
situations, but its evaluation is incomplete. The 
present study was undertaken to assess the value of 
the Canon CR3-45NM camera in screening for 
retinopathy in a busy diabetic clinic. We particularly 
wished to see whether the camera was suited for use 
in Indian ‘Asian’ patients who have dark irises, which 
may dilate less readily, and have pigmented fundi, 
which might be more difficult to evaluate. 


Material and methods 


PATIENTS 
Forty-five Indian patients (33 male, 12 female) and 40 
European patients (23 male, 17 female) were 
studied. They were consecutive patients attending 
the Ealing Hospital diabetic clinic who met the entry 
criteria, which were an age at diagnosis greater than 
20 years, a known duration of diabetes of at least four 
years, and no history of ketosis. Fifteen Indian and 24 
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European patients were receiving insulin treatment. 
Other clinical features are shown in Table 1. 


METHODS 

Visual acuities were assessed in a darkened room at 6 
m by means of a standard Snellen chart with internal 
illumination. The best visual acuity obtained with the 
patient's own glasses and/or pinhole was recorded. 
The patient was then seated in a dark room for not 
less than five minutes, until adequate dilatation of the 
pupils, checked with the camera, had been achieved. 
Photography was performed with the Canon CR3- 
45NM non-mydriatic wide-angle (45?) camera, used 
in a totally darkened room. The camera uses an 
infrared illumination source instead of the common 
white light. The fundus is viewed prior to flash 


Table | Clinical features of Indian and European patients 








Indians Europeans p 

(45) (40) 
Mean age (years) $4.9 62-1 «0-01 
Median known duration (years) 8 12 NS 
Mean fasting blood glucose 10-8 12-1 NS 

(mmol/l) 

Mean body mass index* 26.2 25-8 NS 
Hypertensiont 10 13 NS 





*Body mass index=weight (kg)/height (m). 
*Hvypertension diagnosed by WHO criteria. 
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exposure by means of an infrared-sensitive video 
camera built into the fundus camera, and is displayed 
to the operator om a small TV monitor. No direct 
view through the fundus camera optics is therefore 
required. Automatic interlocks disable the infrared 
video camera when the flash exposure is made. One 
Polaroid photograph was taken of the right eye, 
centred on the fovea and including areas lateral to the 
macula and nasal to the disc, and both superior and 
inferior temporal arcades. After 2 to 5 minutes (to 
allow the pupils to dilate after the first flash) the left 
eye was also photographed. The use of Polaroid 
pictures enabled rephotography if their quality was 
inadequate. A record was made of the patient’s 
reaction to the flash. 

One drop each of phenylephrine 10% and tropica- 
mide 1% was then instilled into both eyes. When the 
pupil was fully dilated, direct ophthalmoscopy was 
performed by an ophthalmologist (RM) without 
knowledge of the photographic findings. Details 
of the fundus examination were systematically 
recorded. Any retinopathy was assessed for severity 
of haemorrhages plus microaneurysms, hard 
exudates, cotton-wool spots, venous abnormalities, 
intraretinal microvascular abnormalities (IRMA), 
new vessels (both on the disc and elsewhere), and 
fibrous tissue (on the disc and elsewhere). Each type 
of lesion was judged against transparencies from the 
Early Treatment of Diabetic Retinopathy Study 
standard photographic slides,’ which were placed on 
an adjacent radiographic viewing box, to facilitate 
comparison. For the purpose of this report retino- 
pathy was considered to be minimal if only one to five 
microaneurysms and not more than one haemorr- 
hage were present; mild if there were other lesions 
such as haemorrhages and hard exudates, but not 
requiring photocoagulation; maculopathy if there 
were haemorrhages and exudates in the perifoveal 
area and marked discolouration of the fovea; and 
proliferative if there were new vessels on the disc, 
` and/or in the retinal periphery, and photocoagulated 
if there were scars of photocoagulation or the patient 
gave a history of laser treatment. 

The photographs were coded and assessed in a 
‘blind’ manner by EMK for the presence and severity 
of retinopathy and for photographic quality. This was 
undertaken twice, in random order, and at least two 
weeks apart. Assessment of retinopathy was also by 
comparison with the ETDRS standard slides. 
Oedema formation or retinal elevation could not be 
graded because stereo photographs were not avail- 
able. Photographic quality was assessed on an 
arbitrary scale from 1 to 5, 1 being excellent, 2 good 
and easily assessable, 3 assessable with some diffi- 
culty, 4 only part of the field assessable, and 5 
unassessable. 


R Mohan, E M Kohner, SJ Aldington, I Nijhar, V Mohan, and H M Mather 


Tsble2 Visual acusty m Indian and European eyes 


Indian European 
G6 44 32 
69 18 20 
6/12 al 4 
618 9 8 
G24 0 3 
636 2 4 
660 0 1 
Worse than 6/60 12 6 


. The study was approved by the Ealing Hospitals 
Ethical Committee. Student's t test and y! tests were , 
used for statistical comparisons. 


Results 


VISUAL ACUITY 
Visual acuities of 43 Indian patients were obtained. ^ 
Only one patient was blind in both eyes, and most 
had good vision (Table 2). There were only 12 eyes 
with a visual acuity less than 6/36, and only five 
patients with vision worse than 6/9 in both eyes. 

Visual acuities of 39 European patients were 
obtained. No patient was blind in both eyes, but two 
patients had only G/36 vision in their better eye. 
Impaired visual acuity occurred with similar fre- 
quency in the two ethnic groups. 


OPHTHALMOSCOPIC FINDINGS 

The ophthalmoscopic assessments are detailed in 
Table 3 and summarised in Table 6. In Indian 
patients retinopathy was present in 41 eyes and 
absent in 40 eyes; nine fundi (in seven patients) could 
not be adequately assessed because of cataract 
formation. In European patients retinopathy was 
present in 45 eyes, absent in 31 eyes, and four fundi 
(in three patients) could not be adequately assessed. 
There was no significant difference in the presence of 
severity of retinopathy between the two ethnic 


Table3 Assessment of retinopathy by ophthalmologist 


Indian eyes European eyes 

No retinopathy 40 31 
Minimal 10 14 
Mild 16 13 
Maculopathy 5 
Maculopathy (in spite of PC*) - 5 
New vessels (no PC) - 1 
New vessels (m spite of PC) 3 2 
PC now mild retinopathy 2 1 
Outmde standard fieldst 2 4 
Not assessable 9 4 
*PCu 


photocoagulation. 
TRetmopathy outside 45° photograpinc field only. 


Evaluation of a non-mydriatic camera in Indian and European diabetic patients 


Table 4 Photographic quality 








Grade* Indians Europeans 
Ist 2nd ist 2nd 
reading reading 
1 29 31 25 28 
2 24 26 24 
3 18 - 13 15 13 
4 9 10 11 10 
5 6 6 4 5 


*Sec text for definrtions of photograpiuc quahty grading system 


groups. Most patients with retinopathy had minimal 
or mild lesions only. New vessels were present in five 
eyes despite previous photocoagulation, and also in 
one eye which had not been treated. Five eyes had 
persistent extensive hard exudates despite previous 
treatment. 


PHOTOGRAPHIC QUALITY 

Photographs were taken of 165 out of 170 eyes (86 
Indian and 79 European). Their quality was assessed 
as either excellent or good (grades 1 or 2) in 105 
(6496) (the mean of two readings). However, 6% of 
photographs were totally unassessable (grade 5) and 
a further 12% were only partially assessable (grade 
4). The poor quality photographs were evenly dis- 
tributed between the two ethnic groups (Table 4) and 
throughout the three months of the study. 


WITHIN OBSERVER VARIATION 

There was agreement between first and second 
readings on the presence or absence of retinopathy in 
158 of 165 eyes, a 96% reproducibility (Table 5). The 
seven photographs producing different readings were 
of patients (four Indians and three Europeans) 
adjudged to have minimal retinopathy on one read- 
ing and none on the other. There was also excellent 
agreement between the first'and second assessments 


Table5 Photographic assessment 


Reanopathy Indiens Europeans 
grading 
Ist 2nd ~ Ist 2nd 
reading reading 
None 26 30 29 26 
Minimal 17 13 16 19 
Mild 17 17 16 16, 
Maculopathy 7 7 8 8 
NVD/NVE* 0 0 1 1 
PCT+NVD/NVE 4 4 0 0 
PC+ouk or minimal 3 3 2 2 
Unasscesabie 11 i 7 7 


*NVD/NVE» new vessek on the duc, and new vessels ebewhere 
1PC-photoegulation. 
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Table 6 Comparison of photographic and 
ophthalmological assessment of retinopathy 
Ophthalmological assessment 
Present Absent Unassessable Total 
Europeans 
Photographic Prosent 34 9 0 43 
assessment Absent 8 21 0 29 
Unassessabie 3 1 3 7 
Totals 45 31 3 79 
Indians 
Photographic Prosent 35 15 1 51 
zscsanent Absent 3 n 1 26 
Unsssessable. 3 2 4 9 
Totals 41 39 6 86 
the there were 34 eyes winch had 
retinopathy on both ophthalmological 


aexcasment. In nine eyes the ophthalmologist found no lenons, while 
there were some found on the photographs. There were eight 
occamons when wes found on examination by the 


retinopathy 
ophthalmologmt but not on photography 
In 21 eyes ne:tber the ophthalmologist nor the photograptuc 


thalmologut. Finally there were three eyes that could not be 
£3essed by the ophthalmologist, and their photographs were also 
unassessable 


The findings of the Indian patents’ cyos can be mterpretod m a 
smilar fasinon 


of the severity of retinopathy. The concurrence 
between first and second readings was similarly good 
in Indian and European eyes. 


COMPARISON OF OPHTHALMOLOGICAL AND 
PHOTOGRAPHIC GRADING 

There was concurrence between the ophthalmo- 
logical and photographic assessments of the presence 
or absence of retinopathy (and its assessability) in 61 
(71%) of 86 Indian eyes and 58 (73%) of 79 European 
eyes (Table 6). There was no disagreement between 
the two assessment methods on clinically significant 
macular lesions, new vessels, or previous photo- 
coagulation. The overall concurrence was 119 of 165, 
or 72%. There were 21 disagreements in European 
eyes, of which eight were reported to have retino- 
pathy by the ophthalmologist alone. In four of these 
cases the lesions were outside the photographic field, 
and the other four had minimal lesions only. Of the 
nine European eyes reported to have retinopathy by 
the photographic reader alone three were considered 
to have mild and six minimal retinopathy. The 25 
disagreements on Indian eyes included 15 adjudged 
to have minimal or mild retinopathy on photographic 
assessment alone. In one of the three Indian eyes 
reported to have retinopathy by ophthalmoscopy 
alone the lesions lay outside the photographic field. 
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DISCOMFORT OF PHOTOGRAPHS 

Thirteen Indian and two European patients experi- 
enced some discomfort during the photographs, and 
four Indians thought it sufficient to decline yearly 


examination. Two of these photographs were parti- - 


ally or totally unassessible (grade 4 or 5), but in the 
other two their quality was good. Only one of the four 
had cataracts. 


Discussion 


The early recognition of diabetic retinopathy is 
vitally important because it is now a treatable condi- 
tion. However, there is no consensus on which 
method of screening (whether ophthalmoscopy by 
physicians, ophthalmologists, or opticians, or by use 
of the non-mydriatic fundus camera) is most suitable 
for general use. This study highlights some advant- 
ages and disadvantages of the camera. It is broadly 
comparable to ophthalmoscopy through dilated fundi 
by an ophthalmologist in detecting retinopathy, in 
determining its severity, and in enabling patients to 
be selected for further investigation and considera- 
tion of laser treatment. It is almost certainly superior 
to ophthalmoscopy by physicians working in busy 
diabetic clinics,‘ especially if performed through 
undilated pupils. However, consultant ophthal- 
mologists would not undertake routine screening of 
all diabetic patients because of the time involved, 
though clinical assistants could perhaps be trained for 
this task. 

Unfortunately there are also some significant 
drawbacks. Firstly, a proportion of photographs are 
technically unsatisfactory. In this study 696 were 
unassessable and an additional 12% only of limited 
use. These figures are broadly similar to those of 
previous studies." Difficulties in obtaining satis- 
factory photographs are more likely to occur in 
patients who have cataracts or are elderly. Many such 
patients may not attend a hospital clinic, and an 
adequate photographic assessment would therefore 
be vital in community use. Furthermore, if a poor 
picture were obtained, it would be difficult for a 
photographic technician to decide the cause, the 
urgency of referral, and whether the patient should 
be referred to a diabetic clinic or to an eye clinic for 
consideration of cataract extraction. 

Secondly, the camera will fail to detect lesions 
which lie outside the photographic field. In our study 
this occurred in two of 86 Indian eyes and in four of 79 
European eyes. Klein et al. have suggested that 
retinopathy may lie outside the photographic field in 
8—1596 of cases.’ Thirdly, neither direct ophthalmos- 
copy nor a single retinal photograph are adequate to 
screen for macular oedema. This is a significant 
defect of both screening methods because of the 
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findings of the Early Treatment of Diabetic Retino- 
pathy Study that early macular oedema with normal 
or near normal vision benefits most markedly from 
treatment.* Many patients would require referral for 
either stereo photography or fluorescein angiography 
to ensure that they are treated at an early stage when 
vision can be maintained. Fourthly, some patients 
found the photography uncomfortable, and four said 
that they would not consent to further photographs. 

This study provides some evidence that both the 
prevalence and severity of retinopathy are similar in 
comparable groups of Indian and European dia- 
betics. This is consistent with ophthalmoscopic find- 
ings in large unselected groups of clinic patients.” The 
prevalence of known diabetes in Indians is strikingly 
bigh, with a 5 to 7 fold increase compared with 
Europeans in age group 40—64 years. Thus the 
numbers of Indians developing diabetic retinopathy 
which requires treatment may increase rapidly over 
the next few years. The fundus camera was equally 
suitable for use with both patient groups, though 
more Indians experienced discomfort with the flash. 
This concurs with the findings of Klein et al., who 
found that patients with brown irises were more 
discomforted by the flash than patients with blue 
irises.’ 

The discrepancies between the ophthalmoscopic 
and photographic assessments are rather difficult to 
explain in view of a recent paper’ which reported a 
virtually complete concordance between the two 
methods. However, the disagreements in the current 
study were on mild or minimal retinopathy, and 
many were probably due to over-reading of the 
photographs when in doubt, to ensure earlier re- 
examination of the eyes. There were no 
ments in deciding which patients required referral for 
further invetigation and possible treatment. 

In conciusion, this study suggests that Indian 
diabetic patients are equally prone to developing 
retinopathy as comparable European patients. The 
Canon CR3-45NM non-mydriatic fundus camera has 
been validated as a reliable way of screening for 
retinopathy, but it has several limitations which need 
to be borne in mind if it is used as the only method of 
assessment within the community. 


The camera was donated by tbe British Diabetic Associabon VM 
received a Wellcome research grant. We thank Miss Joan Welch for 
secretarial help 
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single stage insertion of the Molteno tube for 
glaucoma and modifications to reduce postoperative 


hypotony 


JE A HOARE NAIRNE, D SHERWOOD, J S H JACOB, ann W J C C RICH 


From the West of England Eye Infirmary, Exeter 


SUMMARY Severe glaucoma was controlled in all 13 cases following insertion of a Molteno drain in 
a single stage procedure. One eye required a repeat operation. À modified technique to minimise 
early postoperative hypotony and prevent flat anterior chambers is described 


Standard filtering operations often have poor results 
in neovascular glaucoma,' other severe cases of 
secondary glaucoma, and in cases complicated by 
unfavourable factors including aphakia,! previous 
failed drainage surgery,* or the youth of the 
patient.’* Cyclodialysis and cyclocryotherapy, tech- 
niques designed to reduce aqueous fluid production, 
have well recognised complications which include 
, long term hypotony.’* Both are widely regarded as 
giving poor visual results 
The use of artificial implants to maintain aqueous 
fluid drainage dates from 1906.’ In 1969 Molteno first 
reported his work with an implant consisting of a 
silicone tube attached to an episcleral plate.” The 
design was subsequently modified by lengthening the 
tube, allowing the plate to be sutured to the post- 
equatorial sclera." Two interconnected episcleral 
plates, giving a total area of 270 mm’, have been 
shown to provide the optimum total bleb area In 
many cases of neovascular glaucoma, however, the 
ciliary body is severely damaged, and a single plate is 
therefore preferable.” Good results have been 
obtained with this system. "=" 


Materials and methods 


Patients were selected for Molteno tube surgery 
when medical therapy was no longer satisfactory and 
conventional surgery had already failed or was 
unlikely to have any reasonable chance of success. 
The eyes were divided into four groups relating to the 
cause of the raised intraocular pressure (Table 1). 
Previous intraocular surgery had been performed on 
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eight eyes. Five eyes with neovascular glaucoma had 
previously received panretinal photocoagulation 
(Tables 2-5). 

The implant consists of a silicone tube with 0-6 mm ` 
outside and 0-3 mm inside diameter attached to one 
or two 13 mm diameter polymethylacrylate (PMMA) 
plates. Single plate implants were used for cases of 
neovascular glaucoma. 

The plates were attached and tubes inserted in a 
one-stage procedure. Where two plates were used, 
the adjoining tube was passed underneath the 
superior rectus muscle. The plate(s) were secured in 
a postequatorial position with the tube lying radial to 
the limbus. A large partial thickness scleral flap, 
hinged at the limbus, was created to cover the entire 
length of the tube. In some cases cover was achieved 
with two separate flaps. The tube length was short- 
ened to approximately 2 to 3 mm beyond the limbus, 


Table 1 Patents receiving Molteno tube implants 





Treatrnent Diagnons Number of Number of 
group eyes treated p. 
I Central retinal vein occlusion 4 5 
with neovascular glaucoma 
I Prohferative diabetic 3 3 
retinopathy with neovascular 
glaucoma 
Ii Aphakic glaucoma 3 3 
IV Miscellaneous 
Coats diseasc/ncovascular i 1 
glaucoma 
Heterochroumc mdocycits 1 1 
Post endophthalmita/chrome 1 1 
angie closure 
Total 13 14 
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Table2 Treatment group I (CRVO-NVG) 








Age Sex — Punretinal Preoperative Postoperative  Preoperatüve Preoperative Postoperative Pastoperattve 
argon laser wisualecuty vurmalecaty intraocular ocular ocular 
photocoagulation pressure medication pressure medication 

1 84 M No CF HM 32 Trmoptol Atropine 70 

2 84 M No HM CF 70 — 16 _ 

3 90 M No HM CF 42 Timoptol Atropme 19 "Ti moptol 
4 "7 M You ^ a PL 40 — "o — 

5 74 M No CF CF 26 Acetarolannde 24 — 


Tiımopto! 


CRVO=central retinal vein occlusion. NVG»neovascular glaucoma CF=counting fingers at 0-5 m HM=hand movements PL» 
percepton of hght 


Table3 Treatment group I (PDRINVG) 





Age Sex Panretnel Pror surgery Preoperative Postoperative Preoperative Preoperative Postoperative Postoperative 








argon laser vurualecuuy yisualeciaty intraocular ocular ocular 
photo- pressure medication pressure medication 
coagulation 
1 6 F Yes Extracapsular HM PL 42 Acetazolamde 6 -— 
cataract 
extraction 
2.60 M Ya Vitrectomry — 6/60 6/50 28 Tunoptol 18 -— 
and Acetazolamide 
lensectomy 
3.6 F Yes Intracapsular CF PL 33 Timoptol 16 ~ 
cataract Acetazrolamide 
extrachon, 
vitrectomy 





PDR »proliferatrve diabetic retinopathy. NYG=ncovascular glaucoma 
Table4 Treatment group III (aphakic glaucoma) 











Age Sex Pnorprocedure Preoperanve Postoperative Preoperative Preoperative Postoperative Postoperative 
vuualecuty  vuuslecuty — wutraoculer ocular medication intraocular ocular 
pressure Pressure medicauon 
1 81 F ICCE, ALT 65 69 24 Acetarolamide 19 Trmoptol 
Tmoptol 
2 65 M ICCE and IOL, G5 G5 28 "Timoptol 21 Timoptol 
ALT Pilocarpine 
3 6 F ICCE 636 CF 24 Acetarolamde- 19 Timoptol 
Timoptol 
Pucarpue 


ICCE «intracapsular cataract extraction. [OL=intraocular lens ALT=argon laser trabeculoplasty. 
Table 5 Treatment group IV (miscellaneous) 


Age Sex Dragnoss Previous Preoperative Postoperative Preoperative Preoperatrve - Postoperative Postoperative 











surgery virualacuty virweleciuty  intrmocular ocular medicanon intraocular ocular 
x pressure pressure medication 
1 30 M Coats disease, — PL PL 55 — 6 ~ 
neovascular 
glaucoma 
2 52 F  dHeterochrome ICCE G6 69 38 Timoptol 12 — 
1ndocyciitis Accttatolamde 
3 71 F Postoperative ECCE and HM HM 45 Timoptol 16 -— 
endophtha- IOL, PK, Acctazolamide 
mites trabecul- ‘ 
ectomy 


ECCE extracapsular cataract extraction PK=penctrating keratoplasty 
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thus allowing for postoperative tube retraction. The 
tube was inserted into the anterior chamber through 
a narrow incision and the scleral flap(s) closed 
securely with interrupted 8/0 virgin silk sutures. The 
same suture was used for the conjunctiva. 

In six cases a 3/0 polypropylene suture was passed 
through the tube (Fig. 1). The presence of the suture, 
which acts as a splint, greatly facilitates the insertion 
of the tube into the anterior chamber. The distal end 
of the suture was passed over the plate, under the 
superior and horizontal rectus muscles, and secured 
to sclera (Fig. 2). The proximal end of the suture 
remained in the tube. Removal six weeks later, under 
local anaesthesia, was through a small conjunctival 
incision over the distal end of the suture, well away 
from the drainage site. 

In one case the Vicryl tie procedure was 
employed." A 6/0 Vicryl suture was tied round the 
tube under the scleral flap so as to occlude the lumen 
(Table 6). 

All cases received preoperative chloramphenicol 
drops. The postoperative regimen was atropine 
drops 1% twice daily, adrenaline drops 1% three 





Single plate Molteno tube with 3/0 
polypropylene suture. 


Fig. | 


J E A Hoare Nairne, D Sherwood, J S H Jacob, and WJ C € Rich 





hd 


3/0 Polypropylene suture (arrow) is inserted half way 
down the Molteno tube, passed under the superior and 
horizontal rectus muscles, and secured to sclera. 


Fig. 2 


times a day, and betamethasone drops four times a 
day for six weeks. Adrenaline drops were not used 
for more than one week on intracapsular aphakic 
eyes. Additional systemic medication was given to 
four patients: group III patient 2 and group IV 
patients 1 and 3 were given oral prednisolone 10 mg 
three times a day, colchicine 0-25 mg three times a 
day, and indomethacin 25 mg three times a day for 
five weeks. In group I, patient 5, unable to tolerate 
the full regimen, was given oral prednisolone 10 mg 
three times a day for three weeks. 


Results 


Tables 2-5 show that all cases, with the exception of 
case | in group I, achieved an intraocular pressure 
less than 25 mmHg. The mean fall in pressure was 23 
mmHg. Four eyes, three of which had aphakic 
glaucoma, required additional antiglaucoma drops. 
The mean follow-up was 14 months, with a range of 6 
to 27 months. In group I patient 5 died three months 
after the operation. All eyes retained vision, seven 
eyes showed a small deterioration, and two eyes a 


Table 6 Operative procedures 
————————— 


Procedure Number 


Single plate Molteno tube 

Single plate and 3/10 Prolene 

Double plate and 3/0 Prolene 

Double plate and Vicryl tie procedure 


————————————————————— 
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Table7 Postoperative complications 


Procedure No Hyphaema Vitreous Vitreous face 
haemorrhage opacification 
tubes 7 7 - - 
Tubes with M) Prolene 6 5 1 2 


Tube with Vkryltie 1 1 - - 


Table8 Postoperative complications 


Procedure No. Hypotony Flat Chorotdal Corneal 
detachment touch 
Early Pers Early Pers. 

tubes 7 4 4 2 1 4 T 
Tubes with 30 Prolene 6 3 - 1 - 2 - 


Tube with Vicryl tie 1 


AC=antertor chamber Pers »persistent, 


small improvement in visual acuity. There were no 
cases of infection. 

Case 1 in group I developed profound hypotony, 
with choroidal detachment and a flat anterior 
chamber, after insertion of a single plate tube without 
an intraluminal 3/0 polypropylene suture. On the 
fourteenth day iris occluded the tube, resulting in a 
sharp rise in intraocular pressure. Attempts to clear 
the tube failed. The original implant was removed, 
and a single plate tube with a 3/0 polypropylene 
suture was inserted at a fresh site (recorded as group I 
case 2). Transient obstruction by iris was observed in 
one other case without a 3/0 polypropylene suture. 

In the first case where the polypropylene was used 
postoperative retraction of the Molteno tube resulted 
in protrusion of the suture into the anterior chamber 
(case 2, group III). This required adjustment under 
local anaesthesia on day 4. In all subsequent cases the 
polypropylene sutures were withdrawn half way up 
the tube, before they were secured to the sclera, at 
the time of the initial operation. Other complications 
are summarised in Tables 7 and 8. Hypotony, defined 
here as an intraocular pressure less than 2 mmHg, 
was found in the early postoperative phase in seven 
eyes. Five of these eyes had neovascular glaucoma. 
Associated flat anterior chambers were found in four 
eyes, all with open tubes. No flat anterior chambers 
were found in eyes where the suture had been placed 
in the tube. One case of choroidal detachment and 
one case of corneal touch persisted beyond 10 days, 
both in eyes with open tubes. 

During the first eight postoperative weeks there 
were six cases of raised intraocular pressure. The 
maximum reading was 35 mmHg, and all returned to 
normal by the end of this period. In two cases the 
polypropylene suture was removed early, at three 
weeks, in each case producing a significant drop in 


pressure (group I, patient 4, and group IV, patient 2). 
Postoperative hyphaema was present in 12 eyes, 

and all cleared in the first fortnight. There were no 

cases of obstruction of the tube with blood clot. 

The two cases of vitreous face opacification occur- 
red in the aphakic glaucoma group (group NI, 
patients 1 and 2). In both cases treatment with the 
YAG laser resulted in vitreous entering the tube 
causing a rise in intraocular pressure. In patient 2 
partial clearance was obtained with further YAG 
laser applications to the vitreous within and adjacent 
to the tube. Control of the intraocular pressure was 
regained with the use of additional topical treatment. 


Discussion 


In the absence of surgical damage to the ciliary body 
postoperative hypotony is often a consequence of 
continued excessive escape of aqueous fluid. In a 
series of 30 single-plate Molteno tubes, inserted in a 
one-stage procedure, seven flat anterior chambers 
were reported in the first postoperative week and one 
of these resulted in failure.* In this series four out of 
13 eyes had flat anterior chambers in the first week, 
and all achieved a satisfactory final result. 

Obstruction of the tube by iris or vitreous occur- 
ring after single-stage insertion has been described 
and associated with excessive aqueous drainage." * 
In this series two cases of obstruction by iris coincided 
with hypotony, and in one case this caused a serious 
rise in intraocular pressure, necessitating a repeat 
operation. Interestingly our two cases of vitreous 
entry into the tube occurred after Y AG laser treat- 
ment, a previously unrecognised complication of this 

ure. 

Molteno advocates insertion of the tube in a two- 
stage procedure, permitting a thin layer of fibrous 
tissue to surround the plate, thereby creating some 
resistance to the passage of aqueous fluid. Good 
results were obtained, and the technique also 
reduced the incidence of hypotony and secondary 
obstruction of the tube with iris or vitreous." There 
are, however, two main disadvantages with a two- 
stage procedure: the condition of the eye may not 
permit such a delay and two major operations are 
required. 

One alternative is temporarily to occlude the 
lumen of the tube by tying an absorbable suture 
round the outside. With a single loop of 5/0 Vicryl 
suture the tube has been shown to open up after an 
average of four weeks, with a few cases possibly 
taking up to eight weeks. Good results have been 
reported with this method." Molteno et al. have 
reported that, with a 22 gauge needle for entry into 
the anterior chamber, leakage of aqueous fluid 
outside the occluded tube ceased a few minutes after 
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insertion. Continued treatment with glaucoma medi- 
cation was required until the tube reopened. This 
method has successfully eliminated the necessity of a 
second-stage operation, but the problem of potential 
delay in adequate control of intraocular pressure still 
remains. 

The technique we have used in an attempt to 
overcome these problems is temporarily to partially 
occlude the lumen of the Molteno tube by inserting 
X 0 polypropylene down its length. The presence of 
the suture, while permitting the flow of some aqueous 
fluid, greatly reduces the overall drainage and, if 
required, could be used to clear any obstruction of 
the tube by iris, vitreous, or blood. The intention is to 
provide immediate control of intraocular pressure, 
without profound hypotony, with simultaneous 
limited deposition of fibrous tissue round the 
episcleral plate. The polypropylene, acting as a 
splint, also facilitates insertion of the tube into the 
anterior chamber at the time of operation. 

The numbers in the study are too few to demon- 
strate conclusively a modifying effect of the intra- 
luminal 30 polypropylene suture. These first results, 
however, suggest that hypotony may be mitigated but 
not prevented. Aqueous drainage outside the tube is 
unaffected by the suture, and despite a narrow 
anterior chamber incision we believe in some cases 
contributes to the lowering of the intraocular pressure 
in the early postoperative phase. Hypotony is there- 
fore not eliminated. In contrast to the open tubes, 
however, no flat anterior chambers were observed 
with the 3/0 polypropylene suture. In the two cases of 
early suture withdrawal a fall in intraocular pressure 
was observed, demonstrating an increase in aqueous 
flow. It is probable that a more complete fibrous 
lining to the bleb accounts for the absence of a 
pressure drop on withdrawal at six weeks.” 

The histology of functioning and failed blebs is well 

ised.'** Evidence exists for a role of 
aqueous fluid in fibroblast growth in tissue culture 
and in bleb fibrosis.*-* In a monkey model aqueous 
aspirated from eyes that had previously undergone 
filtration surgery supported growth of tissue cultures 
of subconjunctival fibroblasts. This ability to support 
growth diminished with increasing postoperative 
interval. 9296 of cultures were positive with aqueous 
samples removed at one week, 7596 at four weeks, 
and 33% at eight weeks.” This duration is similar to 
the period of postoperative bleb inflammation and 
associated increased intraocular pressure observed 
by Molteno et al.” 

To minimise excessive bleb fibrosis Molteno 
advocates the use of a long tube in a two-stage 
or Vicryl tie procedure together with administra- 
tion of oral prednisone, fluphenamic acid, and 
colchicine." ?^**" Brown and Cairns did not find 
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improved results in patients given this systemic 
medication. In our series four patients received oral 
enteric coated prednisolone, indomethacin, and 
colchicine The full regimen was tolerated in three of 
these patients. The numbers at this stage are too 
small to demonstrate the effect on final results. 

Other studies to assess pharmacological modifica- 
tion of drainage surgery have been undertaken. In a 
randomised prospective trial, which excluded 
patients with aphakia or previous drainage surgery, 
Starita et al. showed the success rate of trabeculec- 
tomy to be improved by topical steroids, with no 
additional benefit from systemic steroids.* Topical 
indomethacin has been shown to have an adverse 
effect.” Fourteen out of 15 eyes with increased risk of 
filtration failure had successful trabeculectomies 
following preoperative subconjunctival triamcino- 
lone.” The place of 5-fluorouracil, while the drug 
appears to be potentially useful, remains to be 
established.*™ The results of further studies on 
animals and humans are awaited. 

Encouraging results, without the use of systemic 
medication, have been obtained with a tube attached 
to an encircling band.” * Schocket et al. point out that 
success depends on the formation of scar tissue. 
Fourteen out of 30 eyes in their series had flat 
anterior chambers and, significantly, all had neo- 
vascular glaucoma.” Drainage into a large surface 
area with a one-piece system incorporating a valve 
has been reported to have a much lower incidence of 
flat anterior chamber." 

The optimum early postoperative aqueous fluid 
flow rate and the optimum ratio of drainage area to 
fibrous well thickness, for tube systems used in 
glaucoma, remain to be determined. 

We believe the results of single-stage insertion of 
the Molteno tube and the temporary presence of an 
intraluminal suture are encouraging. 

While the use of the systemic antifibrosis regimen 
is inconclusive in this study, we accept that there is a 
need for vigorous suppression of inflammation and 
fibrosis in some cases of Molteno tube surgery. 
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A case of ‘low tension glaucoma’ with primary 


empty sella 
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AND SHIGEO TSUKAHARA 


From the Department of Ophthalmology, Yamanashi Medical College, Tamaho, Yamanashi 409-38, Japan 


SUMMARY A case of ‘low tension glaucoma’ with primary empty sella is reported. The visual field 
defect and optic disc change were characteristic of glaucoma. The intraocular pressure was within 
normal limits. X-ray examination and the metrizamide-CF procedures revealed a primary empty 
sella. The coexistence of ‘low tension glaucoma’ and empty sella is discussed. 


The term ‘empty sella’ was introduced by Busch! and 
applied to the appearance of the sella turcica in which 
the diaphragma sellae is incomplete and the pituitary 
gland appears to be absent anatomically. It is divided 
into two categories — primary (without prior surgical 
or radiotherapeutic procedures) and secondary 
(following such procedures). The latter type is 
reported to show a variety of visual disturbances." * 
On the other hand the former type is associated with 
few ophthalmological dysfunctions.** 

We report a patient with glaucoma-like optic disc 
changes and visual field defects coexisting with the 
primary empty sella syndrome. And we also draw 
attention to the need for neurological examinations 
when we encounter ‘low-tension glaucoma’. 


Case report 


A 70-year-old woman (height 149 cm, weight 44-6 kg) 
was referred to us in February 1986 by her family 
doctor. She had no history of radiotherapy, intra- 
cranial operations, hypertension, or diabetes 
mellitus, but she had had mild bifrontal headaches 
from before the age of 10 years. Her menstrual 
periods occurred from age 14 to 44 years, but were 
sometimes irregular, with abnormally large haemorr- 
hages occasionally. Her two daughters gave no 
history of glaucoma, optic nerve disease, or intra- 
cranial disease. Her other relatives were likewise 
healthy. 

The patient’s corrected visual acuities were 1-0 in 


the right eye and 0-8 in the left. Her eye movements 
were normal in all directions. The pupils were round 
and of equal size. Direct and indirect light reflexes 
were brisk, and the swinging flashlight test gave 
normal results. The anterior segments of both eyes 
were normal on slit-lamp examination except for 
incipient cataract (anterior and posterior sub- 
capsular). The right optic disc showed glaucomatous 
excavation, with a C/D ratio 95%, and the left disc 
had glaucomatous excavation, with a C/D ratio 85%. 
The superior and inferior rims were narrower than 
the temporal and nasal rims. The lamina cribrosa was 
clearly visible in both eyes (Fig. 1). Applanation 
tension was RE, 14 mmHg, LE, 16 mmHg. The 
facility of outflow was 0-24 ul/min/mmHg RE and 
0-30 LE. Gonioscopically the chamber angles were 
wide open in both eyes. Perimetry with Goldmann 
and Humphrey perimeters showed a nasal upper 
visual field defect in the left eye and a nasal upper 
quadrant defect in the right eye (Fig. 2). A 100-hue 
colour test showed error scores of 45, and the pattern 
electroretinogram (ERG) showed a good response. 
The diurnal profile (every two hours) of intraocular 
pressure ranged from 12 to 16 mmHg in the right eye 
and from 13 to 17 mmHg in the left eye (Fig. 3). 
Central critical flicker value showed 45-50 cycle/s in 
both eyes. 

X-ray examination of the skull showed an oval 
configuration and increased volume of the sella 
turcica (Fig. 4). The length of the sella turcica was 17 
mm, the depth 15 mm, the width 22 mm, and the 
volume 2187 mm’. The lumbar cerebrospinal fluid 
gave a pressure 120 mm H20 opening pressure. The 
fluid contained no cells and the concentration of 
protein was normal. By metrizamide computed 
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A case of ‘low tension glaucoma’ with primary empty sella 





Fig.1 Fundi of both eyes. Note typical glaucomatous 


cupping. These photographs were taken with a green filter. a: 


Disc of right eye. C/D=95%. b: Disc of left eye. C/D=85%,. 


tomography (CT) the sella turcica showed high 
density absorption (Fig. 5). 

The patient was followed up without any treatment 
for one year. There was no progression of the optic 
disc changes or visual field defects. 


Discussion 


Some differences of opinion exist on the criteria for 
the diagnosis of low tension glaucoma. Our diag- 
nostic criteria for low tension glaucoma are as 
follows: (1) the presence of glaucomatous changes in 
the optic disc and visual field; (2) normal IOP, which 
means that the diurnal curve of the IOP never 
exceeds 21 mmHg; and (3) no systemic or ocular 
disease causing the optic nerve changes. Our case 
raises the question of low tension glaucoma or 











Fig.2 Visual field examination with Goldmann perimeter. 
Note the defect in both upper nasal quadrants. 


pseudoglaucoma. The coexistence of an empty sella 
with a glaucomatous optic disc and visual field 
changes without a high IOP is discussed below. 

Most cases of primary empty sella do not show 
conspicuous disturbances of the visual field, but there 
have been a few cases with glaucoma-like field 
defects. Berke’ reported two cases with a visual field 
defect among 19 cases of primary empty sella; one 
case had a right homonymous hemianopsia and the 
other case had a right temporal upper defect. These 
cases showed no glaucomatous changes in the discs. 
Okamoto and associates’ reported a case with uni- 
lateral central scotoma as is seen in retrobulbar 
neuritis. Nakajyo and associates" reported a case 
with bitemporal upper quadrant field defect, but 
there was no abnormality of the disc. On the other 
hand Neelon et al.‘ reported a case with a slight defect 
in the periphery of both nasal and temporal superior 
fields from 31 primary cases of empty sella, which his 
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consulting perimetrist thought to be probably within 
the normal range. Shinoda and associates’ reported 
two cases with nasal defects; one case showed slight 
temporal pallor of discs and the other case showed 
moderate concentric disc cuppings, but there were no 
ophthalmological changes diagnostic of glaucoma. 
On the other hand the secondary empty sella 
differs in its symptomatology from the primary empty 
sella syndrome. Jordan et al." reported three cases of 
secondary empty sella with visual field defects. The 
first case showed a bitemporal defect, the second a 
right temporal defect, and the third a left temporal 
and right central scotoma." Shinoda et al.” described 
an enlargement of the Mariotte blind spot and both 
choked discs in a case of the secondary type following 
meningitis. According to previous reports the defects 


Lateral view of plain radiograph of the skull. Note 
ballooning of ihe sella turcica 


Fig.4 
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Metrizamide-CT shows high absorption into sella 


Fig. 5 
turcica. 


tend to occur in the temporal field. Moreover, even if 
it showed glaucomatous visual field defects, no 
definite glaucomatous optic disc changes have been 
reported so far. 

Two mechanisms are supposed to be related to the 
pathogenesis of optic nerve change in the empty sella 
syndrome. One is mechanical traction and the other 
vascular ischaemia. According to Bergrand and 
associates" the nerve fibres in the optic chiasm are 
perfused from the posterior communicating arteries, 
and these arteries pass round the infundibulum above 
the pituitary gland and also perfuse this area. There- 
fore, if some mechanical changes occur near the 
pituitary or the sella turcica, firstly the arachnoid may 
be drawn inferiorly and the optic chiasm may be 
pulled downward at the same time; secondly, these 
perfusion vessels are also retracted, with resultant 
ischemic changes in the optic nerve. Okamoto et al. 
mentioned about the arachnoiditis of the optic 
chiasm as another factor which produces field loss. In 
their view loss of visual field is usually caused by 
vascular strangulation. Meanwhile, postoperative 
adhesion and postirradiation vasculitis may cause 
delayed atrophy of the optic nerve and chiasm in 
secondary empty sella syndrome. 

Neurological diseases affecting the optic nerve or 
chiasm should always be considered before making a 
definite diagnosis of low tension glaucoma, since they 
may produce visual field defects that can be confused 
with glaucomatous changes. In the present case a 
nasal field defect and glaucomatous disc changes 
were observed. A question remains whether these 
changes are related to glaucoma or to the empty sella. 
There are two possible explanations, one is that the 
two diseases occurred independently by chance — 
that is, the diagnosis is low tension glaucoma — and 


A case of "low tension glaucoma' with primary empty sella 


the other is that the two diseases are related to each 
other — that is, the diagnosis is pseudoglaucoma. If 
the latter is true, this case may explain the patho- 
genesis of at least some cases of glaucomatous optic 
atrophy. 

Pneumoencephalography has been used to diag- 
nose the empty sella syndrome, but this procedure 
may have some complications. In the present case 
metrizamide-CT was used to define the empty sella. 
This agent is a radiopaque derivative from a benza- 
mido and a glucopyranose and very soluble in water. 
The procedure is simpler than pneumoencephalo- 
graphy and side effects are less common.*? 

This case suggested to us that a complete examina- 
tion for intracranial diseases is necessary in case of 
low tension glaucoma. The clinical diagnosis of 
empty sella is thought to be very difficult by plain 
radiography and some cases need to be examined by 
metrizamide-CT. Therefore, if we can apply this 
procedure in all cases of low tension glaucoma, more 
cases of empty sella will be found. 
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Spontaneous reformation of upper eyelid 


-HEMANT K MEHTA 
From the Department of Ophthalmology, Gwynedd District Hospital, Bangor, Wales 


SUMMARY ‘Twenty-six patients with lesions of upper eyelids were treated with simple surgical 
excision under local anaesthesia as day cases. Three other patients with eyelid injuries had full- 
thickness margin-inclusive lacerations of upper eyelids. In all these 29 patients the upper eyelid 
wounds were allowed to heal solely by spontaneous repair. The cautious study began with small 
extramarginal skin excisions and progressed gradually via moderate sized juxtamarginal excisions 
of skin and orbicularis lamella to full-thickness margin-inclusive excisions. The wounds healed 
satisfactorily in all the 29 patients without ocular or palpebral complications. The functional results 
were normal. Cosmetic results were excellent in 27 patients and acceptable in 2, one of whom 
subsequently underwent a secondary oculoplastic repair. This study demonstrates that, for upper 
eyelids, full-thickness margin-inclusive excisions of up to 10 mm in horizontal extent and 5—6 mm in 
height, and moderate sized 13 x 10 mm juxtamarginal excisions of the skin and orbicularis lamella, 
yield near normal results with solely spontaneous repair. Immediate surgical reconstruction of such 


wounds is assumed to be mandatory by current tenets of oculoplastic surgery. 


For the lower eyelids, it has been established that full 
thickness margin inclusive (FTMI) excisions of up to 
12 mm in horizontal and 5—6 mm in vertical extent 
yield near normal results even if allowed to heal 
solely by spontaneous repair.! The response of the 
upper eyelid wounds to spontaneous repair was 
unknown. It was therefore decided to undertake a 
study for such an assessment. Because of the compli- 
cations of corneal and conjunctival exposure from a 
coloboma resulting from a surgical malrepair of an 
upper eyelid, a very cautious approach was designed 
for this study. Initially, small super- 
ficial lesions of the skin of the upper cyelid were 
allowed to heal by spontaneous repair after a ‘skin- 
only’ horizontal excision of 6X4 mm. This gave 
satisfactory, uncomplicated results in all four 
patients. Therefore in the next two patients larger 
and deeper extramarginal excisions including the 
skin and orbicularis were so treated. After unevent- 
ful, satisfactory results in both these patients the 
study was extended to small shallow FTMI excisions 
of 6X3 mm. It was then decided to evaluate the 
results of solely spontaneous repair of upper eyelids 
after: (1) larger excisions of the skin and orbicularis 
lamellae at the lid margin, (2) larger FTMI excisions 
of 8 mm or more in horizontal and 4—5 mm in vertical 
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extent, and (3) FTMI lacerations of injured eyelids. 
The results obtained in 29 patients are presented 
here. 


Patients and methods 


Twenty-nine patients with lesions of upper eyelids 
treated between 1979 and 1986 were included in this 
study. The youngest patient was 12 and the oldest 97, 
with an average age of 67 years. Eight patients were 
aged 50 years or less. The maximum follow-up period 
was 74 years, and the minimum 6 months, the 
average observation being 42 months. In six patients 
the follow-up was under 12 months, and 19 patients 
have been observed for over three years. As the 
incidence of rodent ulcers and other malignancies of 
the upper eyelids is much lower than that for the 
lower eyelid, patients requesting or needing excisions 
of not only suspected malignant lesions but also 
clinically benign unsightly nodules (other than 
meibomian cysts and styes) that would have conven- 
tionally been treated by excision and primary surgical 
repair are included in this unselected study. Four 
patients with trichiasis, three of whom had recalci- 
trant trichiasis despite previous electrolysis, were 
managed by FIMI excision of the strip bearing 
aberrant eyelashes. Three patients with FTMI lacera- 
tions of injured upper eyelids were also managed 
with spontaneous repair. 
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Fig. 1 (A) Cutaneous horn of upper eyelid. Excision 
carried out under local anaesthesia as a day case. Immediate 
postoperative picture of a 13 mmx 10 mm excision of 
orbicularis and skin lamella is unavailable. Wound allowed 
to heal by spontaneous repair. (B) Appearance 48 hours 
postoperatively shows rapid diminution of the height of the 
wound. (C) Appearance at 4 weeks, and (D) final 
appearance of normal cosmesis. Traditionally, full-thickness 
skin graft would have been mandatory here. 


In the previously reported study of spontaneous 
repair of lower eyelids all the 11 patients were offered 
a choice between undergoing primary treatment by 
spontaneous repair or by primary reconstructive 
surgery.’ Because of the impressive cosmetic and 
functional results of solely spontaneous repair 
obtained in the lower eyelids all 29 patients in this 
study were told that they were going to be treated 
solely by spontaneous repair of their upper eyelids. 

These 29 patients can be classified in the following 
four groups: Group 1, extramarginal excisions; four 
patients had excision of the anterior lamella (skin+ 
orbicularis) for skin nodules. The largest excision was 
10x6 mm. Group 2, juxtamarginal excisions; seven 
patients had excision of the anterior lamella extend- 
ing to the margin of the eyelid. As in group 1, the 
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excision was confined to the skin--orbicularis muscle. 
The largest excision in the group was 13 mm in 
horizontal and 10 mm in vertical extent (Fig. 1). 
Group 3, full-thickness margin-inclusive (FTMI) 
excisions; these were carried out in 15 patients, four 
of whom had shallow FTMI excisions of 6x3 mm 
vertically for trichiasis. Of the remaining 11 patients 
five had FTMI excision of the upper eyelid at the 
inner canthus, three had excision of the central one- 
third of the upper lid with the largest excision being 
10x6 mm vertically, and three excisions were in the 
intercanthal region of the lateral half of the upper 
eyelid (Figs. 2, 3). Group 4, traumatised upper 
eyelids with FTMI lacerations; there were three 
patients in this group. One of them had FTMI loss of 
eyelid tissue at inner canthus. The remaining two had 
full-thickness wounds of the upper eyelid involving 
the lid margin but without any tissue loss (Fig. 4). 


SURGICAL TECHNIQUE AND MANAGEMENT 

Apart from cauterisation of oozing vessels and 
ligation of spurting vessels with a single suture, the 
excision was the sole primary procedure in 26 
patients. The remaining three patients had traumatic 
FTMI lacerations. They did not need surgical 
excision, but their slightly different management is 
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Fig.2 (A) Preoperative appearance of rodent ulcer at lid 
margin. (B) Immediate postoperative appearance of 10x6 
mm FTMI excision. (C) Healthy wound and unaffected 
cornea three weeks post-operativelv. (D) Final result at 4 
months. 


explained in the legend for Fig. 4. The surgical 
excisions in 26 patients were carried out under local 
anaesthesia with lignocaine 2% and bupivacaine 
0-595 with adrenaline (Marcain). The area to be 
excised was marked out before injecting the local 
anaesthetic. To achieve symmetry of clinical clear- 
ance and possibly also of the healing process, the 
FTMI excision was made rectangular. Whereas such 
symmetrical rectangular excision that included the 
tarsal plate was easily achieved for the lower eyelid, it 
was much more difficult for the upper eyelid, largely 
because of the ‘scirrhous’ consistency of its tarsal 
plate. The suboptimal cosmetic result of a small 
slanting shallow notch (Fig. 3) in one case has very 
probably resulted from an asymmetrical excision. 

A Bard-Parker No. 15 blade was used to achieve 
perpendicular edges for the rectangular FTMI 
excisions. Small oozing vessels were cauterised and 
larger spurting vessels were ligated with 6-0 poly- 
glycolic acid (Dexon) suture. Usually only one suture 
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was necessary. To avoid corneal irritation by the 
suture, its ends were kept at least 2 cm long and were 
turned up on to the skin of the upper eyelid, where 
they were tethered with a separate suture of 6-0 
Dexon passed through the depth of skin. Both 
sutures were usually removed on the seventh or ninth 
day. Because of greasy skin produced by the oint- 
ment neither Sellotape nor Micropore was reliable 
in holding down the ligating suture. The surgical 
excision including the ligation was usually completed 
within 10 minutes. Antibiotic eye ointment was 
instilled and a Cartella shield with an improvised hole 
was the sole ‘dressing’ for one week. The patients 
were allowed home within an hour of the excision. 
They were given cotrimoxazole (Septrin), 2 tablets 
twice daily for five days, and chloramphenicol eye 
ointment twice daily for two weeks and thereafter at 
night only if necessary for one more week. Patients 
were called for first dressing at 48 hours and then 
every week for four weeks, after which the follow-up 
period was lengthened progressively to attain six- 
monthly observation. 

As the size of the excision was not recorded at the 
time of surgery, the magnitude of excision is taken as 
the dimensions reported in the ‘Macroscopic appear- 
ance’ part of the histology reports. The smallest 
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Fig.3 (A) Preoperative appearance of proposed FTMI 
excision for a pigmented juxtamarginal lesion. (B) 
Immediate postoperative appearance shows ligating and 
tethering suture. (C) Appearance at 48 hours. (D) Final 
appearance showing a residual, small, shallow, slanting 
notch. Symptom-free period of three years observation. 


anterior lamellar excision was 6x4 mm and the 
largest was 13x 10 mm. The range of FTMI excisions 
was 6X3 mm to 10x6 mm. 


Results 


HEALING PERIOD 

This depended on the site and size of the excision. 
Small anterior lamellar excisions confined only to the 
skin healed within two weeks and regained normal 
appearance over the next two weeks. Deeper 
excisions involving the skin and orbicularis took 
slightly longer, with the largest deep juxtamarginal 
excision of 13x 10 mm taking nearly four weeks to 
heal completely and regaining normal appearance 
over the next eight weeks. Among the FTMI 
excisions those at the inner canthus healed the 
quickest —the largest excision of 8x5 mm healed 
within three to four weeks. FTMI excisions of 
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intercanthal areas of the upper eyelid took longer to 
fill the gap. The largest FTMI excision of 10x6 mm 
vertically in the central region (Fig. 2) healed in 
about eight weeks with continued cosmetic improve- 
ment over the ensuing 12 weeks. Even larger FTMI 
excisions of the intercanthal regions of the lower 
eyelid healed much more rapidly by comparison. 


FUNCTIONAL AND COSMETIC RESULTS 

In all the 29 patients the functional results after solely 
spontaneous repair were excellent and fulfilled the 
requisite criteria for an optimal surgical repair as laid 
down by Mustardé’—a supple, mobile, resilient 
upper lid with a stable margin conforming to the 
contours of the globe. The mobility of the upper 
eyelid was normal in all 29 patients. None experi- 
enced feeling of tautness of the upper lid either when 
the lid was mobile or static. All had adequate eye 
closure. Of the four cases of trichiasis treated by 
FTMI excision one with recalcitrant trichiasis had 
recurrence of trichiasis in the “newly formed’ lid 
margin. During the process of spontaneous repair, 
and subsequently, none of the 29 patients developed 
or experienced exposure conjunctivitis or keratitis. 
No patient had sepsis, delayed or non-healing of the 
wound, epiphora, distortion of eyelid, symble- 


pharon, or ocular or palpebral discomfort. Similarly. 
no patient had ptosis or retraction of the eyelid. 
Cosmetic results were excellent in 27 patients and 
acceptable in two: one patient with an asymmetrical 
FTMI excision developed a small, shallow. slanting 
notch of the lid margin (Fig. 3), without ocular or 
palpebral symptoms during the three years of obser- 
vation. The second patient was a young girl who had 
sustained severe facial injuries in a motorcar 
accident. She had FTMI loss of about a quarter of 
the upper eyelid at inner canthus. Spontaneous 
repair of the upper eyelid had yielded very acceptable 
cosmesis, but she subsequently underwent further 
faciomaxillary, rhinoplastic, and oculoplastic surgery. 


SUBJECTIVE RESPONSES OF THE PATIENTS 
Twenty-eight of the 29 patients were treated as day 
cases, the young girl with facial injuries was the only 
one who was admitted to the hospital. They were 
happy to have been treated as day cases. The 26 
patients who underwent surgical excision were 
particularly pleased with the short surgical procedure 
of excision and subsequent symptom-free convales- 
cence. They were also happy with the ultimate 
cosmetic and functional results. The patients with 
eyelid lacerations were also pleased at not having to 
undergo immediate surgical repair. 
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Fig.4. (A) FTMI laceration with a glancing blow froma 
shovel. The resulting wound was F shaped, with the 
horizontal limb lacerating the skin and orbicularis lamella. 
To control bleeding at the apex of the skin wound, a single 
suture of 6—0 Dexon was inserted, the apex of the skin wound 
being sutured to cover the bleeding vessel. This was the sole 
surgery implemented. (B) The vertical limb of the wound had 
cut the entire height of the tarsal plate and extended 4 mm 
above it. (C) Appearance at 2 weeks. (D) Final result at 8 
weeks. 


HISTOLOGY 

This was studied in 21 patients, as four had trichiasis, 
three had FTMI lacerations, and one had nearly 50 
small sebaceous cysts on the upper evelid. The entire 
horizontal extent of the eyelid and 5 mm in height was 
studded with these cysts. Instead of attempting to 
remove each cyst individually, we removed the entire 
skin lamella with a very satisfactory result. Of the 21 
lesions submitted for histological examination, seven 
were reported as rodent ulcers, two were benign 
pigmented naevi. two benign acanthosis with hyper- 
keratosis. one benign pigmented papillary seborr- 
hoeic keratosis, one cutaneous horn—a_ polypoid 
exophytic tumour (‘classical solar keratosis that has 
undergone acute inflammation and abscess forma- 
tion’), one squamous papilloma, one benign surface 
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necrosis with mucinous degeneration of superficial 
dermis, and the remaining six anterior lamellar 
excisions showed benign solar keratosis. 


Discussion 


The sine qua non for successful surgical management 
of palpebral cancers is adequate excision. So far the 
traditional teaching of oculoplastic surgery has led us 
to believe that immediate surgical repair after such 
excisions is obligatory. This is exemplified by the 
exhortation of Fox and Beard? that a lesion in the 
centre of the eyelid with healthy lid margin on each 
side cannot be left to chance, and that (surgical) 
*Repair is mandatory, and unless undertaken will end 
up in notching, cicatricial entropion, or ectropion or 
loss of the eyelid.” However, the previous study on 
the lower eyelid' has shown the potential of near 
normal functional and cosmetic results of solely 
spontaneous repair after FIMI excisions — even of 
the central region —of nearly half the horizontal 
extent and 5—6 mm in vertical extent of the lower 
eyelid. There have been no reports of spontaneous 
repair of the upper eyelids till now. 

The current concepts and principles of surgical 
repair of the upper eyelid are lucidly explained by 
Mustardé,** Roper-Hall,* and Hatt.’ By conven- 
tional criteria none of the 29 patients reported in this 
study would have been treated by spontaneous 
repair. All of them would have required to undergo 
surgical repair or reconstruction by such surgical 
procedures as direct suturing of skin, local skin flaps, 
split-thickness or full-thickness skin graft. Mustardé' 
discussing moderate to extensive superficial tissue 
loss of eyelids, states that ‘Where the defect is too 
large to be closed by direct approximation of the 
edges, despite rotation of nearby skin — or perhaps 
because this is not practicable, a full-thickness skin 
graft, comprising both dermis and epidermis will be 
required to replace the lost tissue.’ Therefore the 
result after sole spontaneous repair is particularly 
impressive in Fig. 1, where an excision of 13x10 mm 
of the skin and orbicularis lamella was carried out. It 
is almost certain that the firmness of the underlying 
tarsal plate counteracted distortional forces during 
spontaneous repair. A similar excision of the lower 
eyelid, especially at the medial or lateral ends would 
almost certainly have produced cicatrical ectropion 
with spontaneous repair. For reconstruction of FTMI 
defects of the upper eyelid Mustardé's'? principles 
based on multiples of a quarter are almost universally 
accepted and are as follows. 

Direct multilayer suturing (three layers) is advo- 
cated for FIMI loss of up to a quarter of the upper 
eyelid. About five of the 15 patients in group 3 and all 
the three patients with traumatic FTMI lacerations in 
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group 4 would have conventionally been treated by 
direct multilayer suturing. It is quite likely that in at 
least two patients in this study such direct suturing 
might have produced mechanical ptosis by levator 
tethering, about which Mustardé' in his Fig. 8-3 has 
given warning. Similarly, McCord and Wesley” also 
emphasize the importance of a correct method of a 
pentagonal FTMI excision, if notching or buckling of 
the eyelid by direct suturing is to be avoided. It is 
gratifying to report that none of these complications 
occurred with spontaneous repair, except in one 
patient (Fig. 3), in whom a shallow slanting notch has 
resulted, probably from a defective asymmetrical 
excision. 

For FTMI defects of between a quarter and a half 
of the upper lid a lateral cantholysis is usually 
necessary to allow direct closure. About six patients 
in group 3 would have been so managed by conven- 
tion. It is therefore obvious that in all the 29 patients 
spontaneous repair has obviated the need for primary 
surgical repair, and has yielded a mobile upper eyelid 
that conforms to the contours of the globe and has a 
permanently stable lid margin. None of the patients 
in this study had an FTMI defect larger than two- 
fifths of the horizontal extent of the upper lid. 
Therefore defects larger than these should have 
surgical reconstruction, at least until a future study of 
spontaneous repair of such larger defects can prove 
that acceptable results can be attained. 

In dealing with the upper eyelid, most clinicians 
fear exposure keratopathy. It should be appreciated 
that, unless there are qualitative or quantitative 
abnormalities of the tear film, or abnormal neuro- 
trophic influences, simple inability of eye closure, 
even in the absence of Bell's phenomenon, does not 
result in exposure keratopathy. This is substantiated 
by detailed and prolonged observation of cases of 
simple Bell's palsy or traumatic facial nerve palsy. 
Roper-Hall" advocating the management of severe 
blepharospasm by facial nerve avulsion, affirms that 
‘Despite this operation, corneal exposure during 
sleep has not been recorded to date.’ Further reassur- 
ance of the absence of exposure keratopathy despite 
incomplete eye closure for several years is furnished 
by the normal corneal appearance and absence of 
evidence of past or present ocular irritation in the 
dinical pictures of congenital coloboma of upper 
eyelids.7"  Roper-Hall,^ discussing congenital 
coloboma of eyelids states that 'it is astounding that 
the apparently unprotected cornea can appear 
normal for several years.' However, he also states 
that on careful biomicroscopy corneal changes may 
be observed. 

As stated above, the response of these 29 patients 
to management with spontaneous repair has been 
very favourable. They have expressed relief, 
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approval, and satisfaction with the near normal 
results obtained, enjoyed a trouble-free healing 
period, and appreciated the simplicity of the treat- 
ment. The present study shows that satisfactory 
results are obtainable by solely spontaneous repair of 
moderate sized juxtamarginal, extramarginal, and 
full-thickness margin-inclusive excision of upper eye- 
lids. These results are as good as those obtained by 
spontaneous repair of FTMI excision of nearly half 
the lower eyelid as reported by this author previously. 
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SUMMARY Blepharochalasis is an uncommon disorder distinguished by recurrent episodes of 
eyelid oedema in young patients. A hypertrophic form, manifested as fat herniation, and an 
atrophic form, manifested as fat atrophy, have been described. Ptosis with excellent levator 
function, laxity of the lateral canthal structures with rounding of the lateral canthal angle, nasal fat 
pad atrophy, and redundant eyelid skin develop after many episodes of eyelid swelling. Fine 
wrinkling, atrophy, and telangiectasias characterise the excess eyelid skin. We describe four cases 
of this syndrome in which external levator aponeurosis tuck, blepharoplasty, lateral canthoplasty, 
and dermis fat grafts were used to correct atrophic blepharochalasis after the syndrome had run its 


course. 


Blepharochalasis is an uncommon disorder 
characterised by recurrent, non-painful, non- 
erythematous episodes of eyelid oedema. It must be 
distinguished from dermatochalasis, which is an 
involutional change of eyelids and is associated with 
loose, redundant skin.' Beer! was the first to describe 
this entity in 1807, and Fuchs! coined the term 
blepharochalasis in 1896. It has been divided into 
hypertrophic and atrophic forms. In the hyper- 
trophic form recurrent oedema results in orbital fat 
herniation through a weakened orbital septum. Most 
patients who have blepharochalasis present in an 
atrophic condition with atrophy of redundant eyelid 
skin and superior nasal fat pads. Most of these 
atrophic patients do not go through a hypertrophic 
phase. 

Multiple attacks of eyelid oedema result in thin- 
ning, stretching, and atrophy of eyelid tissues. The 
eyelid skin becomes redundant, discoloured, and 
atrophic, appearing like wrinkled cigarette paper. 
The upper eyelids are more commonly affected, but 
the lower eyelids may also be involved. Laxity of 
the lateral cantha] tendon results in rounding of 
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the lateral canthal angle and blepharophimosis. 
Dehiscence and thinning of the levator aponeurosis 
results in blepharoptosis associated with excellent 
levator palpebrae superioris function.‘ Pseudo- 
epicanthal folds are formed by atrophy of the 
superior nasal fat pads. Numerous cases of blepharo- 
chalasis have been reported. Our report describes 
four patients who had atrophic blepharochalasis that 
was treated surgically. 


Case reports 


CASE 1 

A 27-year-old woman had numerous attacks of upper 
and lower eyelids oedema in the previous 12 years, 
each lasting 3 to 5 days. The last attack had been one 
year earlier. She was in excellent health and had no 
family history of eyelid oedema. She was allergic to 
many foods and animal dandruff. The serum Cl 
esterase inhibitor level was within normal limits. 

4 mm of bilateral upper eyelid ptosis, high supra- 
tarsal eyelid creases, and excellent levator function 
were noted (Fig. 1). There was fine and 
mild hyperpigmentation of redundant eyelid skin, 
with multiple fine telangiectatic subcutancous 
vessels. Mild atrophy of the upper nasal fat pads and 
dehiscence of lateral canthal tendon was evident 
(Fig. 2, left). A blepharoplasty and external levator 
aponeurosis tuck by the anterior approach corrected 
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Fig. 1 Case 1: 4 mm of ptosis, high supratarsal eyelid 
creases, and excellent levator function. 'Cigarette paper' 
thinning and telangiectasias of excess upper eyelid skin are 
evident. Note mild atrophy of nasal fat pad and 
pseudoepicanthal fold. 


the high lid crease, redundant skin, and blepharo- 
ptosis (Fig. 3). Lower eyelid blepharoplasty was 
combined with lateral horizontal eyelid shortening 
to attach the lateral border of the tarsus to the 
periorbita near Whitnall's tubercle. This procedure 
resulted in reformation of the lateral canthal angle 
(Fig. 2, right). 
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Fig. 3 Case 1: photograph shows corrected features one 
year after four-lid blepharoplasty, upper eyelid levator 
aponeurosis tuck, and reformation of lateral canthal angle. 


CASE 2 

A 28-year-old woman had bilateral acquired 
blepharoptosis of several years’ duration (Fig. 4, 
left). She had recurrent attacks of upper eyelid 
oedema from ages 13 to 20, each lasting about three 
days. She had no allergies and her family history was 
negative. Test results with edrophonium chloride 
(Tensilon) and for serum Cl esterase inhibitor level 
were normal. Examination revealed bilateral ptosis 
of 3 mm, with excellent levator function and high 
supratarsal lid creases. The lid skin was atrophic, 
with prominent subcutaneous blood vessels. The 
atrophic nasal fat pads resulted in pseudoepicanthal 
folds (Fig. 4, right). Rounding of the lateral canthal 
angle was present. Other ocular and physical exami- 
nations gave normal results. An external levator 
aponeurosis tuck was combined with a blepharo- 
plasty. The levator aponeurosis was markedly thin- 





Fig.2 Case I: preoperative photograph (left) shows rounding of the lateral canthal angle. Postoperative photograph (right) 
one year later shows reformation of lateral canthal angle. 
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Fig.4 Case 2: photograph (left) shows ptosis and high supratarsal lid crease. Photograph (right) shows prominent nasal fat 
pad atrophy, pseudoepicanthal fold, and rounded lateral canthal angle. 





Fig. 5 





Case 2: photographs show (left) exposed atrophic superior nasal fat pad (centre), dermis fat graft fixed to perioribita of 


roof with double-armed 5-0 absorbable suture, and (right) dermis fat graft consisting mostly of dermis. 


ned (Fig. 5, centre). A dermis fat graft from the 
abdomen was placed in the superior nasal fat pocket 
and fixated to the periorbita of the orbital roof with a 
5-0 absorbable suture (Fig. 5). A lateral canthoplasty 
reformed the lateral canthal angle. Four months after 
operation there was some residual nasal ptosis of the 
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Fig.6 Case 2: photograph shows results one year after 
bilateral upper eyelid blepharoplasty, external levator 
aponeurosis tuck, dermis fat graft, and lateral canthoplasty 





left upper eyelid, but an excellent cosmetic result was 
noted (Fig. 6). 

Surgical specimens from the first two cases gave 
identical histopathological findings. The epidermis 
was focally thin. Occasional vacuolated basal cells 
were noted. Melanin laden macrophages were 
present in the upper dermis. Vessels in the upper 
dermis were dilated and focally surrounded by a scant 
number of mononuclear cells. Elastic tissue stains 
showed a decreased amount of elastic tissue in the 
papillary and upper reticular dermis. Middle and 
deep dermal elastic fibres were fragmented and 
focally clumped. 


CASE 3 

A 20-year-old woman had had repeated attacks of 
upper and lower eyelid oedema since her early teens, 
with gradual onset of ptosis. She was allergic to 
pollen, moulds, and coconuts, and she had received 
injections for allergy in the past. There was no family 
history of eyelid oedema or ptosis. She was in 
excellent health, and the results of a physical exami- 





nation were normal with the exception of her eyelids. 
Blepharoptosis, excellent levator function, and high 
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Fig.7 Case 3: photograph (left) show ptosis, redundant, atrophic eyelid skin, and high superior tarsal lid crease. Lateral 
view (right) shows nasal fat pad atrophy, psuedoepicanthal fold, and rounded lateral canthal angle 


lid creases were noted (Fig. 7). Slight hyperpigmen- 
tation was present in the excess upper eyelid skin, 
which had fine wrinkling and telangiectasias. 
Atrophy of the superior nasal fat pads and pseudo- 
pepicanthal folds was prominent (Fig. 7). The lateral 
canthal tendon was dehisced. Four-lid blepharo- 
plasty, external levator aponeurosis tuck, lateral 
canthoplasty, and dermal fat grafts to the superior 
nasal fat pockets corrected these abnormalities 
(Fig. 8). 


CASE 4 

A 13-year-old girl had multiple attacks of right and 
lower eyelid oedema for three years. In the spring she 
had trouble with allergies that were described as 
minor, and she was allergic to penicillin. There was 
no family history of similar problems. Her serum 
level of Cl esterase inhibitor was within normal 
limits. Right-sided wrinkling of the upper eyelid skin, 
upper eyelid ptosis, superior nasal fat pad atrophy, 
and lateral canthal tendon dehiscence were noted. 
These conditions were corrected by an upper eyelid 
blepharoplasty, external levator aponeurosis tuck, 
dermis fat graft, and lateral canthoplasty. 





Fig. 8 
four-lid blepharoplasty, external levator aponeurosis tuck, 
dermis fat graft, and lateral canthoplasty 


Case 3: photograph shows results six months after 


Discussion 


Although our four occurred in women, 
blepharochalasis affects both sexes equally." It is a 
disease of young people, who have symptoms that 
usually begin in the teens and become less frequent 
after a number of years. Blepharochalasis is not a 
hereditary disease, though Ranjini er al. speculated 
that autosomal recessive inheritance had occurred in 
one case." The aetiology of the attacks of oedema is 
unknown. Patients who have angioneurotic ocdema 
may develop signs of blepharochalasis,” but normal 
Cl esterase inhibitor levels ruled out this diagnosis in 
our cases 

Our histopathological findings correlated with the 
clinical picture and were similar to those in previous 
reports.' ^^ In response to recurrent inflammation 
and dilatation, blood vessels are increased in number 
and luminal size. Dermal elastic fibres are decreased 
in number and fragmented. This change occurred in 
part as the result of mechanical distortion of these 
fibres by repeated episodes of stretching resulting 
from oedema. The focally marked decrease of elastic 
fibres, even in the papillary dermis, suggests specific 
elastolysis by dermal inflammatory cells. The clinic- 
ally observed hyperpigmentation of the lids was 
histopathologically represented by upper dermal 
melanin being present within macrophages. This 
hyperpigmentation is a non-specific finding observed 
after many inflammatory disorders of the skin 

Treatment for blepharochalasis is surgical. Since 
the frequency of oedema decreases with age, surgery 
should be deferred for at least one year from the 
previous attack of eyelid oedema. The acquired 
ptosis results from stretching or dehiscence of the 
levator aponeurosis. The retraction of the levator 
aponeurosis elevates the eyelid crease because of the 
fascial connections from the aponeurosis to the skin. 
An external approach to the levator aponeurosis tuck 


cases 
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is recommended, because it offers better exposure 
of the abnormal anatomy and can be combined with 
an upper eyelid blepharoplasty through the same 
incision. By fixing the skin edges to the edge of the 
levator aponeurosis, normal symmetrical lid creases 
can be created. Local anaesthesia is preferred so that 
eyelid position can be adjusted readily at the time of 
surgery, decreasing the incidence of overcorrection 
that is common in the correction of acquired ptosis. 
In addition, through this incision a dermis-fat graft 
can be affixed to the periorbita in the superior nasal 
fat pocket with a double-armed 5-0 absorbable 
suture. More dermis than fat should be used; an 
additional 3096 overcorrection usually gives an excel- 
lent cosmetic result. If there is redundancy of the 
lower eyelid skin, a lower eyelid blepharoplasty is 
performed in combination with a lateral cantho- 
plasty. A lateral canthotomy, inferior cantholysis, 
` and lateral full-thickness horizontal shortening of the 
eyelid may be performed if necessary. A 4-0 poly- 
propylene suture is used to fixate the lateral edge 
of the tarsus to the periorbita near Whitnall's 
tubercle. This procedure will reform the lateral 
canthal angle. 


The views exprossed m this article are those of the authors and do not 
reflect the official pohcy or posstion of the Department of the Army, 
Department of Defense, or the US Government 
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Testicular cancer presenting as a red swollen lid 
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SUMMARY A case is reported in which a testicular cancer presented as a metastatic deposit in the 
eyelid. The histological appearances of both the metastasis and the subsequently detected primary 
were diagnostic of malignant teratoma trophoblastic (MTT). After comments on the testicular 
tumour, metastases occurring in the eye and adnexa are discussed. 


A 19-year-old Army sapper was referred to the 
Ophthalmic Department at the Air Force Hospital in 
Germany from a nearby station medical centre with a 
five-day history of a painless red and swollen left 
upper lid. He had no other compaints, and there was 
no relevant past ocular or medical history. On 
examination the lateral aspect of the left upper lid 
showed a very vascular swelling. On lid eversion the 
subtarsal tissue was soft, friable, and bled to touch. 
There was no bulbar conjunctival injection, and the 
globe assessment, which included a fundal examina- 
tion after mydriasis, was normal. Preauricular lymph 
nodes were not enlarged. The affected lid was 
infiltrated with 1% lignocaine, and piecemeal biop- 
sies were taken from the subtarsal tissue and from 
just anterior to the lash line. Histological examina- 
tion revealed metastatic tumour (see below). 
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Four days later the patient was found to have 
spontaneous bleeding from his left eyelids. An 
increase in the size of the upper lid swelling had 
occurred, and a fresh haemorrhagic lesion in the 
lower fornix was noted (Fig. 1). A verbal report 
identifying the lid lesion as metastatic MTT was 
available, and the patient was admitted for further 
investigations immediately. He denied any lassitude, 
anorexia, or weight loss. He also denied any testicu- 
lar abnormality, even on direct questioning. On 
examination he was a hirsute young man with no 
gynaecomastia or palpable lymphadenopathy. The 








Fig. 2 
mid zone and right lower zone. 
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Chest radiograph showing round opacities in the left 


Fig. 1 


Left eye: the eyelid lesions on the day of admission. 


Testicular cancer presenting as a red swollen lid 





P aU Y A - 
Fig.3 Section from an evelid lesion showing metastatic 
MTT within the dermis. Multinucleate syncytial cells 
overlying cytotrophoblastic cells are clearly visible in relation 


to a blood filled space. The epidermis is seen in the upper part 
of the figure. Hand E, x 110. 


only abnormality on clinical examination was an 
obviously enlarged, nodular, non-tender, left 
testicle. Laboratory investigation revealed a haemo- 
globin concentration of 7-8 g/dl, and his chest radio- 
graphy showed multiple round opacities in both lung 
fields (Fig. 2). An urgent orchidectomy was per- 
formed in Germany and histological examination 
confirmed the testis as the primary site of the MTT. 
Four days postoperatively he returned to the United 
Kingdom for further treatment in an oncological 
unit. 


HISTOPATHOLOGICAL FINDINGS 

The metastatic tumour in the eyelid was located in 
the dermis and composed of trophoblastic tissue 
surrounding blood spaces (Fig. 3). Immunohisto- 
chemical stains’ showed the malignant cells to be 
strongly immunoreactive with antibody directed 
against human chorionic gonadotrophin (Fig. 4) and 





869 





k 
Taa . 

Fig.4 Eyelid lesion: the syncytiotrophoblasts show strong 
immunoreactivity with antibody directed against HCG. 
Immunoperoxidase, X67. 


cytokeratin, but negative for a-fetoprotein and S100 
protein. 

The testicular lesion was composed of extensive 
areas of necrosis and haemorrhage within which 
tumour tissue was sparsely distributed. Syncytiotro- 
phoblastic and cytotrophoblastic elements were 
clearly visible in relation to vascular spaces (Fig. 5). 
Also present were areas of organoid differentiation, 
which included cysts lined by squamous epithelium 
and bland cartilage, and partially differentiated 
areas. No yolk sac components were identified. 


Discussion 


Testicular tumours are almost invariably primary and 
malignant, presenting most commonly between the 
ages of 20 and 40° Approximately 65% of patients 
present with a painless swelling, 20% complain of 
pain with or without swelling, and 10% of tumours 
are asymptomatic and detected on routine clinical 
examination. In less than 5% of cases does the 
patient present because of metastases. Initially meta- 
stases tend to occur in the para-aortic nodes and 
lungs; pulmonary spread may be detected by routine 





chest x-rays. A dermal metastasis is an unusual 
presentation for a testicular tumour. In this case the 
primary could have been detected earlier, but the 
patient failed to present in spite of marked painless 
swelling of one testicle. 

Teratomas account for approximately 30% of 
testicular tumours, and about 4% of these are MTT, 
also known as testicular choriocarcinoma. The 
histology of teratomas varies from well differentiated 
lesions, commoner in childhood, to the more malig- 
nant lesions graded intermediate or undifferentiated. 
According to the British Testicular Tumour Panel thc 
following criteria are required for the histological 
diagnosis of MTT:' the presence of recognisable 
syncytiotrophoblastic and cytotrophoblastic 
clements, and their arrangement in a papillary 
pattern, Both the eyelid lesion and the testicular 
tumour satisfy these criteria. The appearances 
closely resemble those seen in gestational choriocar- 
cinoma in the female. 

Most metastases encountered by the ophthalmolo- 
gist are intraocular or orbital; metastatic deposits in 
the eyelid are rare. Only 15 cases of secondary 
tumour in the eyelid were seen at the Mayo Clinic 
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between 1922 and 1969.* The lesions in this series 
tended to occur as a manifestation of generalised 
carcinomatosis, and in only two cases (both of which 
were adenocarcinoma of the stomach) were the 
eyelid lesions the presenting complaint. Deposits in 
the eyelid from primaries in the breast, skin (malig- 
nant melanoma), and lung have been reported in 
particular, but other primary sites include colon. 
stomach, prostate, thyroid, kidney, and cervix.** 

Metastatic lesions of the eyelid are said to take one 
of three forms." Firstly, solid subcutaneous nodules 
occur which may be mistaken for chalazia. Secondly, 
an ulcerating lid lesion may occur which may mimic a 
basal cell carcinoma clinically. Thirdly, a diffuse 
swelling may result with non-tender thickening and 
induration of the eyelid. This case was unusual in that 
the trophoblastic nature of the deposit caused bleed- 
ing on eversion of the lid. With metastatic tumours of 
the eyelid the vascular reaction may suggest an 
inflammatory lesion rather than a neoplasm, and in 
this case the initial referring medical officer had made 
a provisional diagnosis of an inflammatory lesion. 

In contrast to eyelid metastases, metastases to the 
eye and orbit are well described in the literature. The 
majority are blood borne following pulmonary 
involvement. In a review of 220 cases of carcinoma 
metastatic to the eye or orbit,’ which comprised all 
cases on file in the Registry of Ophthalmic Pathology 
at the Armed Forces Institute of Pathology, 
Washington, DC, 28 patients had orbital metastases 
and in 17 cases symptoms of the orbital lesions 
preceded detection of a primary tumour elsewhere in 
the body. One patient in this series was a 20-year-old 
male with intraorbital metastasis from a testicular 
choriocarcinoma. 

We thank the Director General of Medical Services, Royal Air 
Force, for permission to publish this paper, and Mrs Connie 
Simmons for preparing the manuscript. 


References 


Risdon RA. Germ cell tumours of the testis. J Pathol 1983; 141: 
355-61. 

Mostofi FK. Testicular tumours, epidemiologic, etiologic and 
pathologic features. Cancer 1973; 32: 1186-201. 

Pugh RCB, Cameron KM. Teratoma. In: Pugh RCB. ed. 
Pathology of the testis. Oxford: Blackwell, 1976: 199-244. 

Riley FC. Metastatic tumours of the eyelids. Am J Ophthalmol 
1970; 69: 259-64. 

Bloch RS, Gartner S. The incidence of ocular metastatic 
carcinoma. Arch Ophthalmol 1971; 85: 673-5. 

Duke-Elder S, MacFaul PA. The ocular adnexa. In: Duke-Elder 
S, ed. System of ophthalmology. London: Kimpton, 1974: 536-8 
Ferry AP, Font RL. Carcinoma metastatic to the orbit. Mod Probl 
Ophthalmol 1975; 14: 377-81; 1970; 69: 259-64. 


bh 


- 


4 


uw 


> 


~“ 


Accepted for publication 3 September 1987. 











One piece bi-convex PM.M.A. 
For Capsular bag implantation 

















The concept of the new Alcon eb da EE dis zh 
intraocular lens offers a real 7mm lens to vault posteriorly under EM 
functional optic: 3596 more than any í ion, and the posterior | 
traditional 7mm intraocular lens, convex surface of the optic is eN 
with dialling holes in the optic area. maintained in close contact with the — — 
posterior | 

Type: One piece posterior chamber TA 
with C-Haptic design. Diameter: 13.5mm. zl 

Optic: 7mm bi-convex, PM.M.A. Es 
Perspex® CQ., UV. Filter. Optic free of dialling holes. cé 
Alcon a 

Alcon Laboratories (UK.) Limited — E. 

Imperial Way Watford Hertfordshire England WD2 4YR M 


Telephone Watford (0923) 246133 . . Xm 





British Journal of Ophthalmology, 1988, 72, 871-873 


Bilateral orbital cavernous haemangiomas 
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SUMMARY Simultaneous bilateral orbital lesions are rare. The differential diagnosis includes 
orbital pseudotumour, metastasis, leukaemia, lymphoma, Wegener's granulomatosis, and neuro- 
fibromatosis. We report what we believe to be the first case of bilateral orbital cavernous 


haemangiomas. 


Cavernous haemangioma 1s the most common 
primary adult benign orbital tumour.'? It usually 
presents in middle aged adult females with slow, 
painless onset of unilateral proptosis. Multiple 
unilateral cavernous haemangiomas have been 
reported. Cavernous haemangiomas have been 
diagnosed several years apart, as growing during 
pregnancy, or in association with haemangiomas 
elsewhere. To our knowledge this is the first 
reported case of bilateral orbital cavernous 
haemangiomas. 


Case report 


A 48-year-old white male developed bilateral swell- 
ing of the eyes. Four to five years previously he noted 
. aslowly increasing prominence of both eyes, the right 
somewhat greater than the left. Two years previously 
he observed that his eyelashes touched the inner 
surface of his spectacle lenses and four months prior 
to referral began noting bilateral epiphora. No red- 
ness, pain, diplopia, decreased vision, or headache 
was reported. The past medical history and results of 
systemic examination were negative. 

The best corrected visual acuity was 20/25 OD and 
20/30 OS. The pupils were 3 mm in size, reactive to 
light, and were without an afferent defect. Examina- 
tion of ocular motility revealed mild limitations in all 
fields of gaze without diplopia. Colour vision was 
normal. Hertel exophthalmometry at a base of 96 
measured 23 mm OD and 20 mm OS. External 
examination revealed 2 mm of inferior scleral show 
on the right and 1-5 mm on the left. Prominent 
insertions of the horizontal rectus muscles were 

to Devron H Char, MD, Ocular Oncology Unit, 
Science 315, Box 0412, Unrvermty af California, San Francisco, 
CA 94143, USA 


noted in both eyes. No orbital mass was palpable. A 
subtle lid lag was present. Slit-lamp biomicroscopy, 
applanation tonometry, automated visual fields, and 
fundus examination were normal. 

1-5 mm axial computed tomography views of both 
orbits, with coronal reconstructions, were obtained 
with and without contrast Bilateral, moderately 
enhancing, homogeneous, smooth-contoured masses 
were seen. The right lesion was ovoid, displaced the 
globe anteriorly, displaced the optic nerve nasally, 
and showed mild bony orbital wall contour changes. 
The mass was approximately 30x15x12 mm. 
Because of the unusual feature of bilateral, simul- ` 
taneous orbital masses the patient was referred to the 
UCSF Ocular Oncology Unit for examination and 
therapy. 

Initial examination of the patient gave findings 
similar to those already presented. A magnetic 
resonance imaging (MRI) scan was performed on a 
1-5 Tesla superconducting magnet (General Electric) 
with orbital surface coils (General Electric). Sections 
of 3 mm at 4-5 mm intervals in transverse, sagittal, 
and coronal planes were obtained. Spin-echo tech- 
nique with routine Ti-weighted examination was 
performed with a repetition time (TR) of 600 ms and 
an echo time (TE) of 20 ms. The Ts-weighted 
examination had a TR of 2000 ms and a TE of 70 ms. 
This scan revealed similar information as was 
gathered on CT. A bilobed, lateral, intraconal, 
homogeneous mass was localised in the right orbit. 
The single tumour in the left orbit was both intra- 
conal and extraconal at the inferior temporal aspect 
of the posterior orbit. The lesions were isointense 
with brain and sharply contrasted against orbital fat 
on both T; and T; weighted images (Figs. 1A, B). 

Our clinical and radiological impression was of 
cavernous haemangioma of the orbit, but owing to 
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Fig. lA Left: Tj-weighted axial MR image (TR 600: TE 25) 
of orbital cavernous haemangiomas 


the bilaterality doubt remained. At right orbitotomy 
a large, bilobed, smooth, encapsulated tumour was 
removed intact without complication (Fig. 2). Histo- 
logically this proved to be a cavernous haemangioma. 
Ocular movements and proptosis returned to normal 
postoperatively. Owing to a paucity of symptoms OS, 
no operation has been performed. 


Fig.2 Histology of specimen 
E 5 


removed from the right orbit. Large 
blood filled spaces separated by 
fibrous septa are typical of orbital 
cavernous haemangioma. H and E 
xO 
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Fig. IB Right: T;-weighted coronal MR image (TR 2000 
TE 70) outlining bilateral orbital cavernous haemangiomas 


Discussion 


Bilateral proptosis is most commonly caused by 
endocrine. ophthalmopathy. Other less common 
causes include pseudotumour, Wegener's granulo- 
matosis, other vasculitides, metastases, leukaemia, 
lymphoma, cavernous sinus thrombosis, and neuro- 





Bilateral orbital cavernous haemangiomas 


fibromatosis. ^" Computed tomography and 
magnetic resonance imaging will usually distinguish 
diffuse from solitary orbital processes. The typical 
CT findings of cavernous haemangioma of the orbit 
are its homogeneous, ovoid, smooth-margined 
appearance. Usually it is intraconal, shows minimal 
orbital bone expansion, enhances with contrast, and 
spares the orbital apex." These features allow 
differentiation from diffuse orbital processes. How- 
ever, more localised entities such as neurofibroma, 
neurolemmoma, benign mesenchymal tumour, or 
haemangiopericytoma may show a well circum- 
scribed, oval mass." ? In our case the diagnosis was 
suspected but not confirmed until surgical resection, 
because no previous cases of bilateral cavernous 
haemangioma of the orbit have been reported. 

The pathogenesis of orbital cavernous haeman- 
gioma is not clear. Probably they arise as acquired 
lesions due to localised, progressively ectatic, 
capillary-type proliferation resulting in large vascular 
spaces.’ Witschel and Font, in their study of haeman- 
gioma of the choroid, proposed that localised 
haemodynamic disturbances may be a nidus to 
initiate the development of these lesions." Hood 
maintained that growth is not due to proliferation of 
vascular elements but rather to canalisation and 
blood flow into pre-existing vascular malformations 
secondary to changing systemic haemodynamics." 
None of these theories suggest a rationale other than 
random chance to explain the bilaterality of the 
cavernous haemangiomas observed in our case. 


This work was supported in part by an unrestricted grant from That 
Man May See. by NIH grant EYO3675, and by a grant from the Beal 
Foundation. 
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Detection and quantification of S-100 protein in ocular 
tissues and fluids from patients with intraocular 
melanoma 


ALISTAIR J COCHRAN,'?*? GARY N HOLLAND,** ROMAINE E SAXTON»! 
BERTIL E DAMATO, WALLACE R FOULDS,’ HARVEY R HERSCHMAN,’’ 
ROBERT Y FOOS,** BRADLEY R STRAATSMA,'* AND WILLIAM R LEE’ 


From the Armand Hammer Laboratories, Division of Surgical Oncology, Jonsson Comprehensive Cancer 
Center; the Departments of ?Surgery, "Pathology, ‘Ophthalmology, and*Biological Chemistry, the ‘Jules Stein 
Eye Institute, and the Laboratory of Biomedical and Environmental Sciences, UCLA School of Medicine, Los 
Angeles CA 90024; the ‘Surgical Service, Veterans Administration Medical Center, Sepulveda, CA, 91343; and 
the Tennent Institute of Ophthalmology, Western Infirmary, Glasgow G11 6NT, Scotland 


" 


SUMMARY S-100 protein is a 21000 dalton acidic calcium-binding protein present in ocular 
melanomas and some normal ocular tissues. Ocular fluids and extracts of ocular tumours were 
examined by a sensitive radioimmunoassay that could detect less than 5 ng of 5-100 protein in 
minute volumes of fluid. Three ocular melanoma biopsy specimens had S-100 protein at levels 
between 25 and 1300 ng/ml, comparable to that found in a cutaneous melanoma biopsy specimen 
(1000 ng/ml). (SI conversion: ng/ml=wg/l.) Six melanoma culture lines had 1000 to 125 000 ng/ml. 
Four lymphoblastoid cultures had less than 2 ng/ml, and three colon carcinoma cultures had 180 
ng/ml. Subretinal fluid from 23 melanoma-containing eyes had 10 to 76 800 ng/ml. Lesser amounts 
were found in eyes with small, anteriorly located, tly pigmented tumours. Vitreous from 3 
melanoma-containing eyes had 10000 to 11000 ng/ml. Vitreous obtained from three eyes during 
tractional retinal detachment repair had 500 to 1600 ng/ml, and vitreous obtained at necropsy from 
six normal eyes had 2 to 120 ng/ml. Aqueous from six melanoma-containing eyes had 10 to 30 
ng/ml, levels not significantly different from those observed in three normal eyes (80-120 ng/ml). 
This approach provides new insight into the interaction of ocular tumours and adjacent ocular 
fluids and may, with more specific tumour markers, have diagnostic applications. 


Early and accurate diagnosis offer cancer patients 
the best chance of survival. In ocular melanoma, 


attempts have been made to find evidence of tumour- 
related immune reactvity. Although immuno- 


ophthalmoscopy and supplementary techniques such 
as fluorescein angiography, ultrasonography, or ?P 
uptake permit an accurate diagnosis to be made in 
most patients.' In occasional patients, however, 
conditions such as a rhegmatogenous retinal detach- 
ment with associated subretinal blood, non- 
neoplastic exudative detachment, or tumours 
metastatic to the choroid may be difficult to differen- 
tiate from a primary intraocular melanoma. 

To differentiate patients with intraocular 
melanoma from those with non-melanomatous 
tumours or conditions simulating ocular tumours 


to Akstur J Cochran, MD, UCLA Medcal 
Center, Los Angeles, CA 90024, USA. 


logical reactions are of some value in separating 
groups of ocular melanoma patients from those 
without melanoma, they are insufficiently discrimi- 
natory when applied to the individual patient. 

As a possible alternative diagnostic approach the 
detection of a melanoma product or melanoma cell 
constituent in the vitreous or aqueous fluids was 
considered. S-100 protein is a marker that is univers- 
ally present in abundant quantities in cutaneous 
malignant melanoma, though not specific for this 
tumour The authors have recently demonstrated the 
presence of S-100 protein in ocular melanomas.‘ 
S-100 protein was therefore sought in fluids from 
eyes with intraocular melanoma or other, non- 
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$-100 protein in intraocular fluids 


melanomatous disease processes. A study of S-100 
protein distribution within the eye could also provide 
valuable information on the basic biology of intra- 
ocular tumours and the extent to which tumour- 
derived molecules permeate the eye. The availability 
of a sensitive radioimmunoassay made it possible to 
detect nanogram quantities of S-100 protein with 
great precision in minute samples 


Materials and methods 


The quantity of S-100 protein was determined in 
tissues from three ocular melanomas, one cutaneous 
melanoma, one ocular glioma, and normal brain and 
sclera Twenty-three subretinal fluid samples, 22 
vitreous samples, and nine aqueous humour samples 
were also examined. Fluids from patients who had 
undergone cataract extraction and from corneal 
donors served as controls Tumour tissues and ocular 
fluids were contributed by members of the Tennent 
Institute of Ophthalmology, Glasgow, Scotland, and 
the Jules Stein Eye Institute, Los Angeles, CA. 
Melanoma tissue and fluids were obtained during 
tumour resection (Tennent Institute) or immediately 
after enucleation. The Tennent Insttute samples 
were transported to UCLA in a frozen state, and all 
samples were stored at —70°C. All diagnoses were 
established clinically and confirmed histologically 
where appropriate. Tissue culture cell lines (six 

` melanomas, four lymphoblastoid, and three colon 
carcinomas) were obtained from the tissue culture 
collection, Division of Surgical Oncology, UCLA. 
All samples were coded, and diagnoses were not 
available to individuals performing radioimmuno- 
assays until the S-100 protein content had been 
recorded. 


RADIOIMMUNOASSAY FOR S-100 PROTEIN 

Tissue specimens were weighed to determine 5096 
weight/volume, minced finely with scissors, and 
resuspended in lysis buffer (0-596 NP40, 150 mM 
NaCl, 10 mM Na;, HPO,, pH 7-4) for 30 minutes 
Tissue debris was removed by pelleting for 5 minutes 
at 13000 g in microfuge tubes. Samples of eye fluids 
and pelleted tissue culture lines were solubilised by 
mixing with an equal volume of lysis buffer at 4°C for 
30 minutes. 

The radioimmunoassay was performed on dilu- 
tions of each solubilised test sample in duplicate 
microfuge tubes containing 100 ul RIA buffer (150 
mM NaCl, 0-5 mM MgSO,, 0-15 mM CaCl, 0-196 
bovine serum albumin, and 10 mM trometamol 
(TRIS), pH 7-4). Control samples containing serial 
doubling dilutions of bovine brain S-100 protein 
(range 1-500 ng/ml) were included in separate 
duplicate tubes for each assay. Radiotracer at 5x10 
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cpm/50 ul (10 ng I-S-100 protein, 5x10* cpm/pg) 
was added to each tube, followed by 50 pl of rabbit 
anti-S-100 protein serum (1:64000 final dilution). 
After incubation at 4:C for 18 hours, immune 
complexes were isolated by adding 25 ul of 1096 w/v 
prewashed  Straphylococcus aureus (Pansorbin, 
Calbiochem) for-1 hour at 4°C. Bound radioactivity 
was determined in a gamma spectrometer after 
repeated washing and pelleting of bacteria at 13000 g 
in a microfuge. S-100 protein antigen concentration 
in test samples was calculated from the midpoint of 
the standard S-100 protein competitive binding curve 
included with each assay. Maximum S-100 protein 
radiotracer binding of 10' cpm and minimum binding 
of 300 cpm allowed detection of less than 5 ng of 
S-100 proteon. (SI conversion: ng/ml= g/l). 


Results 


Table 1 lists the S-100 protein content of intraocular 
tumours and normal tissues. Two of three primary 
intraocular melanomas contained substantial S-100 
protein (1300 and 1200 ng/ml of tumour extract), 
while a third contained little S-100 protein (25 ng/ml). 
There was no apparent correlation between 5-100 
protein content and tumour size or cytology. The 
tumour that contained little S-100 protein was the 
most heavily pigmented. Substantial levels of S-100 
protein were present in extracts of a biopsy sample of 
cutaneous melanoma that had metastasised to the 
inguinal lymph nodes (1000 ng/ml), a low-grade 
retinal peripapillary astrocytoma of mixed morpho- 
logical pattern (480 ng/ml), and normal brain tissue 
obtained at necropsy (2500 ng/ml). Normal sclera 
contained little S-100 protein («25 ng/ml of extract). 
(SI conversion: ng/ml=g/t.) 

Table 2 lists the S-100 protein content of a number 
of tissue culture cell lines. Extracts of six melanoma 
derived cell lines contained substantial but varied 


Table 1 S-100 protein content of tumour biopsies and 
normal tissues : 


Tumour 
classification 


S-100 Ocular melanoma tumour 
protein characteristics 
(nagimi) 


Sue Volume Cytology Pigment 
(mm) 





Ocular melanoma case | 1300 Chorod1515 Mixed = Light 
Ocular melanoma case 2 1200 Chorosd 840 — Spindle Light 
Ocular melanoma case 3 25 Choroidi870 Maed Heavy 


*Metastatic deposit m inguinal lymph node 
SIconvermon ng/ml-gug/l 
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Table2 5-100 protein content of cultured cell lines 





Cell ine — Cell type 5-100 protein Melanin content 
(ng/ml) 

M20* Melanoma 125000 Light 
M21 Melanoma 80000 Light 
Mig Melanoms 80000 Light 
M32 Melanoma 25600 Light 
M926 Melanoma 12800 Light 
M12 Melanoma 1000 Heavy 
I120* L <2 None 
LDOn Lympboblastoid 2 None 
Li4 Lympboblastosd <2 None 
PL3 Lymphoblastosd <2 Noae 
DONCA Colon carcinoma 180 None 
HT29 Colon carcinoma 180 None 
SW116 Colon carcinoma 180 None 


*M20 and L20 are pared cultures derived from the same patient. 


SIconverpon ng/mle-yg/l. 


amounts of S-100 protein (1000—125 000 ng/ml). Four 
lymphoblastoid cell lines, produced by Epstein-Barr 
virus transformation of peripheral blood lympho- 
cytes, contained virtually no S-100 protein. Among 
them was a lymphoblastoid cell line (L20) that was 
autologous to a melanoma cell line (M20) that 
contained 125000 ng/ml of S-100 protein. Three 


Table3 5-100 protein content of subretinal fluid from 
patients with ocular melanoma 


Patient S-100 Ocular melanoma tumour characteristics 


protem 
(nali) Sue Volume Cytology Pigmentation 
(mom) 

1 76800 Chorod 1632 Mixed Light 

2 64000 Chorosd 2475 — Mixed Moderate 
3 2200 AngiœCB* 3972 Mixed Moderate 
4 160 Choro 540 Maod Light 

(antenor) mflammatory 
5 80 470  Mmed/ Heavy 
inflammatory 

6 32000 Choroid | 3168 Maxed Heavy 

7 14000 CB/cboroid 2720 3 Mixed Light 

8 32000 Chorosd 258 Spindle Light 

9 18000 Chorad 117 Spudis Light 

10 12500 Choroad 450 Spmdle Light 

11 12000 CB/cborod 1512  Sprmdile Light 

2 2176 CB/choroid 960 Maed Patchy/heavy 
13 Chorodd 2M5 Mixed Light 

14 «10 CB 243 Maed Heavy 

15 15000 Chorord B40 Mixed Moderate 
16 2048 Chorord 594 — Spindle Moderate 
17 640 Chorord 960 = Spindle Heavy 

18 768 Choro 2535 Mixed Patchy 

19 50 Chorad 1188 Mixed Patchy 

(antenor) 

20 16 Chord 2880 Mixed Very beavy 
21 8192 Choroid 2016 — Spmdle Light 
2 8192 Choroad | 3042 Mixed Moderate 
23 3000 Choroid 1904 = Mrxed Moderate 
“CB -ciliary body 


SI convermon: ng/ml ug 
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colon cancer lines had relatively small amounts of 
$-100 protein (180 ng/ml). 

Table 3 lists S-100 protein content of subretinal 
fluid from eyes containing melanomas. The S-100 
protein content of fluids varied from negligible («10 


, ng/ml) to very high (76800 ng/ml). Subretinal fluids 


that contained substantial (21000 ng/ml) S-100 
protein were usually from patients with light to 
moderately pigmented tumours (13 of 15). Many 
were composed primarily of spindle type cells (6 of. 
15). By contrast, subretinal fluids that contained little 
$-100 protein came from patients with tumours of 
mixed cytology (7 of 8) and tumours with substantial 
pigmentation (6 of 8). Four of 8 tumours that 
contained «1000 ng/ml S-100 protein were located in 
the anterior part of the eye, including two ciliary 
body tumours. By contrast only 4 of 15 tumours 
located more posteriorly were low in S-100 protein. 

Table 4 lists S-100 protein content of vitreous from 
eyes with tumours and from normal patients. In 
vitreous samples from eyes containing melanomas a 
range of S-100 protein content from less than 10 
ng/ml to 11000 ng/ml was encountered. Vitreous 
fluids containing abundant (21000 ng/ml) S-100 
protein were from patients with moderate sized to 
large tumours (262-1512 mm?) that were usually 
lightly pigmented (4 of 5) and choroidal in origin. 
Low S-100 protein content was found in vitreous 
from patients with both large and small tumours. 
Three of 8 were substantially pigmented. Most were 
of mixed cellularity (5 of 8). Two were of iris or ciliary 
body origin. 

Vitreous from one melanoma patient (no. 13) was 
obtained during vitrectomy three months after 
removal of the tumour. It contained little S-100 
protein (16 ng/nl). Vitreous fluids from patients with 
rhegmatogenous retinal detachment were found to 
have detectable levels of S-100 protein (mean, 533 
ng/ml), higher than that detected in normal eyes 
(mean, 64 ng/ml). 

Table 5 lists S-100 protein levels in aqueous 
humour obtained from eyes with melanoma and from 
patients without tumours. All contained detectable 
but very low levels of protein. 


Discussion 


S-100 protein, first extracted from bovine brain by 
Moore’ and named for its solubility in saturated 
ammonium sulphate at neutral pH, is a thermolabile, 
acidic, calcium-binding protein with a molecular 
weight of 21000 daltons.** The molecule is a dimer 
composed of two very similar subunits a and b, each 
with a molecular weight of 10500. Three dimeric 
forms exist: S-100 (aa), S-100* (ab), and S-100* 
(bb).' Amino acid sequencing has shown similarities 


5-100 protein in intraocular fluids 


Table 4 S-100 protein content of vitreous 





Patent Duorder S-100 protein Ocular melanoma tumour characteristics 
(naf) 
Sie Volume (mr) Cytology Pigmentation 
i Melanoma 11000 Choroxd 450 Spindle Light 
2 Melanoma 3400 Choroid 1400 Mixed Heavy 
3 Melanoma 8500 Chord 1512 Spindle Light 
4 Melanoma 2000 Choroxd 262 Spindle Light 
5 Melanoma 1024 Choroxd 720 Mixed Light 
6 Melanoma 240 Ins 144 Spindie Light 
7 Melanoma 160 Chorotd 720 Mixed Light 
8 Melanoma <10 Choro 840 Mixed Moderate 
9 Melanoma «10 Ins «CB* 60 Mixed Light 
10 Melanoma 40 Chorotd 1515 Maed Moderate 
11 Melanoma 480 Chorosd 840 Spmdie Light 
12 Melanoma <10 Choroxd 1870 Med Heavy 
13f Melanoma 16 Chorord 1372 Spindle Light 
14 RDİ 500 
15 RD 600 
16 RD 500 
17 Normal 90 
18 Normal “80 
19 Normal 60 
20 Normal 30 
21 Normal <2 
2 Normal 120 : 
———— ———————————————————————————————t 
*CB»ciliary body 
TSpecimen obtamed at vitrectomy three months after local removal of tumour. 
$RD retinal 


SI conversion ng/mi=ypg/l 


between S-100 protein and other calcium-binding 
proteins such as calmodulin, troponin-C, and parval- 
bumin.' Sequencing also reveals a close similarity of 
S-100 protein in many different species, indicating a 
striking conservation of S-100 protein during evolu- 
tion.’ It is present in the cytoplasm and nucleoplasm 
of cells and may also be present in a membrane- 
bound form. 

Following its identification in brain, S-100 protein 
was identified in glial cells,* Schwann cells and 
satellite — cells," — melanocytes," and cultured 
melanocyte-derived cells,” satellite cells of the 
adenohypophysis," satellite cells of the adrenal 
medulla,” sustentacular cells of the carotid body,* 


Table 5 5-100 protein content of aqueous humour 


Patient Disorder S-100 protein (ngfrni) 
1 Melanoma 10 
2 Melanoma 10 
3 Melanoma 30 
4 Melanoma 10 
5 Melanoma 10 
6 Melanoma 10 
7 Normal 120 
8 Normal - 80 
9 Normal 80 


and interstitial cells of the pineal gland." The fact 
that these cell types are all either neural or neural 
crest derivatives led to the hypothesis that S-100 
protein might be a marker for cells of neural crest 
origin. It is now clear, however, that S-100 protein is 
also present on cells not of neural crest origin, 
including chondrocytes," adipocytes,” myoepithelial 
cells, interdigitating cells of lymphoid tissue, 
Langerhans cells in skin,” and T lymphocytes.” It is 
possible that the presence of S-100 protein indicates a 
common metabolic function. 

S-100 protein has been identified in Müller cells 
and the optic and ciliary nerves of the eye.” It 
is expressed in the majority of primary ocular 
melanomas*? and is presumably also present, though 
at low concentrations, in uveal melanocytes. Within 
the eye potential sources of S-100 protein are there- 
fore limited. 

Data obtained from our tumour extraction studies 
confirm immunohistologica! studies that demon- 
strated substantial amounts of S-100 protein in many 
ocular melanomas. The quantities detected are com- 
parable with those from a cutaneous melanoma and 
from an ocular glioma (a tumour previously reported 
to contain S-100 protein), but substantially less than 
those extracted from most melanoma cell culture 
lines. It is likely that the quantities obtained from 
minced tumour extracts are an underestimate, 


878 Cochran, Holland, Saxton, Damato, Foulds, Herschman, Foos, Straatsma, and Lee 


because mechanical disaggregation is a relatively 
inefficient means of protein extraction. The high 
yield of S-100 protein from tissue cultures also may 
reflect synchronisation of the cell cycle. It is known 
from previous studies that S-100 protein expression is 
cell cycle stage-dependent," and accumulation of 
cells maximally expressing S-100 protein at culture 
confluence is possible. By contrast, tumours in vivo 
are essentially asynchronous. 

Our data support the negative correlation between 
expression of S-100 protein and melanin, suggested 
previously on the basis of immunohistology.” With 
immunoperoxidase techniques it is possible that the 
negative correlation between melanin and S-100 
protein might be due to obscuring or quenching of the 
aminoethylcarbazole developer reaction product, 
thereby concealing the presence of S-100 protein 
from visual observation. S-100 protein quantities in 
tumour extracts, culture extracts, subretinal fluids, 
and vitreous assessed by radioimmunoassay, how- 
ever, consistently demonstrated low quantities of 
$-100 protein in heavily pigmented tumours. These 
findings strongly support the existence of a negative 
correlation between melanin production and S-100 
protein expression. The biological basis of this 
negative correlation is unknown. 

The quantities of S-100 protein detected in the 
samples of subretinal fluid varied widely but reached 
very high levels in some specimens. Subretinal fluid 
forms in a closed space. Accumulation of tumour 
derived material, in the absence of a rapid turnover 
of fluid, may explain why S-100 protein levels 
Observed in subretinal fluids were often higher than 
those observed in tumour extracts. Very high levels 
of S-100 protein in subretinal fluid were associated 
mainly with hypomelanotic tumours Subretinal 
fluids from eyes without tumours have not yet been 
examined. It is possible that such fluids would contain 
detectable S-100 protein derived from melanocytes 
or Muller cells. It is unlikely, however, that the 
amount of S-100 protein would reach the very high 
levels sometimes seen in subretinal fluid from eyes 
with melanoma. 

The quantities of S-100 protein detected in vitreous 
were not as high as those seen 1n subretinal fluids, 
perhaps because of dilution factors due to a larger 
pool volume and more rapid movement of solutes out 
of this compartment. The highest levels were associ- 
ated with moderate to large, posterior, lightly pig- 
mented tumours. Vitreous fluids from patients with 
tractional retinal detachments had S-100 protein 
levels above normal. Although well below the level 
encountered in some melanoma patients, there was 
more S-100 protein in the vitreous fluids from the 
three patients with tractional retinal detachment than 
in vitreous from many tumour patients. It is possible 


that the protein was released from Muller cells or 
melanocytes. Aqueous fluids from melanoma patients 
contained little S-100 protein, as did normal aqueous 
fluids. 

This study demonstrates that low molecular weight 
tumour-associated molecules can be detected in 
ocular fluids in nanogram quantities by a readily 
applicable radiormmunoassay. Secretion of S-100 
protein by cells in vitro has not been reported. It is 
possible that it is released by necrotic melanoma 
cells. Although the data provide an interesting 
insight into the relationship of ocular melanoma and 
the fluids of the eye, the fact that not all ocular 
melanomas express S-100 protein at a high level and 
the fact that this molecule does not consistently 
accumulate at increased concentration in ocular 
fluids limit the usefulness of S-100 protein quantifica- 
tion 1n ocular fluids as a diagnostic tool. It is likely, 
however, that other melanoma-derived molecules, 
such as those bearing the epitopes detected by several 
melanoma-directed monoclonal antibodies? and 
melanoma-associated, ganglioside-directed mono- 
clonal antibodies,* could be identified by this tech- 
nique These molecules are likely to be more univers- 
ally expressed by ocular melanoma cells than S-100 
protein, and their expression is less likely to be 
related to the extent of melanogenesis in a given 
tumour. The detection of such melanoma-associated 
molecules in ocular fluids might serve as an aid to the 
diagnosis of intraocular melanomas 
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Postmeasles blindness 


Sm, The title 'Postmeasles blindness’ of an editorial in your 
journal’ attracted my attention recently after I had read with 
absorbed interest the painstaking research on this subject 
reported by Foster and Sommer from Tanzania in the same 
:suc.! This paper goes a long way towards resolving the 
problem of the nature and relative importance of the 
interacting factors such as vitamin A deficiency, measles, 
and herpes simplex infection in causing all too frequently 
corneal ulceration in young African children. 

Imagine my astonmshment when I discovered that this 
paper was not even mentioned im the editorial! The reason 
for having an editorial at all appears to have been the very 
slight work of Kogbe and Liotet? on tear changes in measles. 
The authors of the editorial quote only three reports on 
measles that are by no means typical of results on the subject 
reported from Africa in recent ycars. Without quoting any 
supporting evidence they come to the erroneous con- 
clusions that ‘there did not appear to be any correlation 
between the extent and severity of measles kerautis and 
nutritional status’ and ‘suggested that genetic factors con- 
tribute to the development of postmeasles blindness.’ 


DONALD $ MCLAREN 
Department of Medicine, 


Royal Infirmary, 
Edmburgh EH3 9YW 
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“I have to reject Dr McLaren's criticism of the editonal 
aspect of this matter. I commismoned an editorial from Dr 
Monnickendam and Professor Darougar on the paper by 
Kogbe and Liotet. They were not shown the paper by Foster 
and Sommer and therefore clearly, were unable to comment 
on it The decision to produce an editorial on a particular 
paper is something I reserve the right to choose for myself as 
Editor Editonals are not chosen to reward specially 
meritorious papers, and 1 agree that the paper by Foster and 
Sommer is absolutely excellent. That is why I published it 
But editorials are intended to bring to the readers’ attention 
some new or unusual feature which I personally regard as 
novel or intriguing or otherwise worthy of special comment 
—R J H SMITH 


Sır, In response to Dr McLaren's criticzsm of our editorial! 
we would like to make the following points. 

(1) We agree with Dr McLaren that the paper by Drs 
Foster and Sommer about the causes of childhood blindness 
m Tanzania’ is very interesting. We did not refer to it in our 
editorial because we were not aware of it 
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(2) In our editorial we attempted to discuss the factors 
which lead to the development of postmeasles blindness 
(PMB). There are only a few papers on this subject. We did 
not discuss measles in undernourished chikiren, since it is 
well known that it is much more severe in these chikiren 
than in well nourshed children 

(3) Malnutrition is common m Africa, Asia, and Central 
and Southern America, and measles is particularly severe in 
malnourished children However, PMB ris found in some of 
these countries and not others. In a study of children with 
measles living m a slum area of Hyderabad, India, PMB was 
not seen.’ In Afnca PMB is common in some countries but 
not others. In Tanzania’ measles was not a common cause of 
corneal ulceration, and measles alone did not cause blind- 
ness In Kenya‘ 10 out of 248 children (4%) with measles 
developed corneal complications, seven of whom devel- 
oped large corneal erosions and three of whom developed 
exposure ulcers. In northern Nigeria’ measles was the 
precipitating disease in 63 out of 70 chikdren (90%) with 
corneal ulceration. A survey of hospital patients with 
corneal scarring showed that measles caused 42% of all 
scarring and 54% of bilateral scarring. Corneal ukeration 
following measles has also been reported in children of 
African origin living in Haiti* Why do some children 
develop PMB while others in the same population do not? 
In Kenya it was reported that ‘no association between the 
extent of severity of keratitzs and nutritional status could 
be found." Nutritional status was assessed in northern 
Nigerian children with and without corneal ulceraton 
following measles.’ There was no difference between the 
serum prealbumin levels in the two groups of children, 
while serum retinol-binding protein levels were significantly 
higher in the children with corneal ulcers than in those 
without ulcers. These results suggest that the development 
of PMB was not directly linked with the degree of matnutri- 
tion or vitamin A deficiency in these children. 

(4) There are two possible explanations as to why there 
are differences in the prevalence of PMB ın different 
countries of the Third World and why some individuals in a 
population with a high prevalence of PMB develop the 
disease while others do not. The first is that there are 
differences in internal or host factors—i.¢., genetic factors; 
and the other is that there are differences in external factors. 
The presence of PMB in Africans and its absence in Indians 
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suggests that genetic differences may be important. Possible 
environmental differences include secondary ocular herpes 
simplex virus (HSV) mfection, which appears to be an 
important factor in PMB in northern Nigeria." However, it 
does not appear to be important in East Africa. In Kenya 
HSV infection was not found,‘ while in Tanzania’ it was 
found that, although HSV was associated with 10 out of 48 
(21%) cases of corneal ulcers following measles, it caused 
oaly one case of blindness. The use of traditional medicines 
is another external factor which may affect the development 
of PMB.’ The development of dry eye appears to be 
important in PMB It has been reported that the frequent 
application of tetracycline eye ointment prevented the 
development of erosions and exposure ulcers in children 
with measles because the greasy ointment base prevented 
drying of the corneal and conjunctival surfaces.‘ Nothing is 
known about the factors which lead to the development of 
dry eye following measles, but some indrviduals may have 
a genctic predisposition and external factors may be 
important 
(5) We attempted to show that at present we do not have 
a clear understanding of the development of PMB, and to 
indicate that further studies are needed. 
M A MONNICKENDAM 
$ DAROUGAR 
Institute of Ophthalmology, 
Judd Street, 
London WC1H 9QS 
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Early trabeculectomy versus conventional 
management in primary open angle glaucoma 


JL JAY AND S8 B MURRAY 
From the Tennent Institute of Ophthalmology, University of Glasgow, Western Infirmary, Glasgow G11 6NT 


SUMMARY The results of a randomised, prospective, multicentre trial of the management of 
primary open angle glaucoma are presented at up to five years' follow up. Previously undiagnosed 
cases were selected with intraocular pressure of 26 mmHg or more on two occasions together with 
field loss characteristic of glaucoma. Analysis was performed on one eye selected at random from 
each of 99 patients. Conventional medical treatment followed in unsuccessful cases by trabeculec- 
tomy (group À) was compared with trabeculectomy at diagnosis followed when necessary by 
supplementary medical therapy (group B). The life expectancy of these glaucoma patients was 
found to be similar to that for the local population matched for age and sex. In group À after four 
years trabeculectomy had been performed in 53% of eyes because medical management had failed 
to control the disease. The rate of operation was lower in those patients with intraocular pressure 
less than 31 mmHg and mild relative field loss (17% at three years) than in those with intraocular 
pressure greater than 30 mmHg and dense scotomas (75% at three years). Early surgery provided 
much more stable control with fewer changes in treatment than in group A. The group mean 
intraocular pressure after trabeculectomy was 15-0 mmHg irrespective of the time of operation, 
and this was significantly lower than the intraocular pressure in those cases thought to be controlled 
on medical therapy alone at the end of the first year (20-8 mmHg). Early operation provided 
significantly better protection of visual field, and the extra loss of visual field with delayed operation 
occurred in the preoperative period. Changes in visual fields were not related to the use of miotics. 
There was no significant difference in the final visual acuity in the two groups, but six cases in group 
A lost central fixation because of progressive loss of visual field, and there were no such cases in 
group B. Cataract occurred in approximately 1096 of cases in both groups, but in group A this 
happened with only half the number of operations and at a shorter postoperative follow-up than in 
group B. It appears that in cases of primary open angle glaucoma of this severity the risk of delaying 
operation are significantly greater than those of performing trabeculectomy as the primary 
treatment. 


This is the second report on the progress of a 
prospective, randomised, multicentre trial of the 
management of primary open angle glaucoma. Pre- 
liminary results were reported in 1983,' and data are 
now available at up to five years of follow-up The 
aim is to test whether with the increased safety of 
trabeculectomy over earlier drainage operations it 
is still justifiable to persist with the conventional 
practice of using medical therapy as the first line of 
treatment. Other workers are studying the same 
question, and it seems agreed that trabeculectomy 
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provides a lower intraocular pressure with less 
diurnal variation than medical therapy or argon laser 
trabeculoplasty. In addition, successful surgery 
avoids the uncertainties of medical therapy associ- 
ated with the limited duration of each drug applica- 
tion and the possible failure of the patient to use 
treatment as directed.>* Smith *' has compared the 
long-term results of medical versus surgical therapy | 
at up to 18 years. His results indicate that drainage 
surgery is superior to medical therapy in lowering 
intraocular pressure and that early randomised 
operation was not detrimental to visual acuity in 
comparison with cases initially allocated to medical 
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therapy. Changes in visual field were less conclusive 
but did suggest that early operation might have a 
beneficial effect. It should be noted that this study 
was carried out on a group with relatively low mean 
untreated intraocular pressure at diagnosis (25 
mmHg) and that there have been more recent major 
advances in both medical and surgical treatment. 

We have therefore compared conventional 
management, where trabeculectomy is carried out 
only after demonstrable failure of medical therapy, 
with primary trabeculectomy, where operation is 

- performed as soon as possible after diagnosis. The 
results of trabeculectomy in our hands confirm that it 
is a safe and effective procedure.'* 


Patients and methods 


A collaborative trial was set up to study the patients 
of nine consultant ophthalmologists based in five 
Glasgow hospitals. All were consecutive and pre- 
viously undiagnosed cases of primary open angle 
glaucoma, including those with pseudoexfoliation. 
Patients were accepted if the untreated intraocular 
pressure was 26 mmHg (Goldmann) or more on two 
occasions and if field defects characteristic of 
glaucoma were present. They were allocated to one 
of two treatment groups by means of a table of 
random numbers. 

Group A was treated conventionally with up to a 
maximum of three different topical or systemic 
drugs. Where maximum tolerated medical treatment 
was insufficient to control the intraocular pressure 
or prevent loss of visual field, trabeculectomy as 
described by Watson *" was performed, usually 
with local anaesthesia. 

Group B had trabeculectomy as soon as possible 
within four weeks of diagnosis, but preliminary 
medical therapy was used where necessary to 
reduce the intraocular pressure to a safe level prior 
to surgery. In both groups postoperative medical 

_ therapy was introduced when indicated according to 
the usual clinical criteria. 

Visual acuity (Snellen), visual field (Tübingen), 
and intraocular pressure (Goldmann) measurements 
and optic disc photographs were taken at the Tennent 
Institute on entry to the trial and at yearly intervals 
thereafter. 

Visual field tests were carried out as part of the 
standard glaucoma clinic assessment by ophthalmic 
opticians specially trained as perimetrists. Patients 
were not separately identified as belonging to a 
clinical trial. Examinations at appropriate interven- 
ing periods were carried out by the referring ophthal- 
mologists, who remained responsible for all decisions 
in the management of their own patients after the 
initial random allocation into groups A and B. In 
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cases of group A which eventually required operation 
the indications for operation were recorded. Surgery 
was performed in the referring hospital by whichever 
surgeon was deemed appropriate in the normal 
practice of that hospital. No attempt was made to 
limit the operation to selected surgeons. The clinical 
findings including copies of field charts were sent to 
the referring ophthalmologist after each annual 
assessment. 

No statement of opinion or advice about past or 
future management was made. The referring sur- 
geons were not given any fixed criteria for adequate 
pressure control or significant change in visual field 
but, as stated above for group A, no patient was to be 
maintained on more than three separate topical or 
systemic drugs. In principle the surgeons agreed that 
8 treated intraocular pressure of approximately 20— 
22 mmHg did not of itself indicate adequate pressure 
control except where it represented a marked reduc- 
tion from the pretreatment level in an eye with mild 
field loss or cupping. They made their own clinical 
decisions about the significance of visual field 
changes based on the field tests carried out in their 
own hospital supplemented by the annual results 
supplied by the trial investigator. 

A simple punched card sorting system was used to 
store and analyse the following details of patients at 
entry to the trial: sex, age, general health, initial 

symptoms or reason for diagnosis, visual acuity, 
visual fields, maximum intraocular pressure before 
treatment, and appearance of the optic discs. Each 
year further information was entered about changes 


Table1 Classification of visual field changes 


Stage Visual field loss 


1 Early relatrve defects (to 1 0/10 asb Tubxngen, equivalent to 
I-2e Goldmann) in arcuate area or nasal step 

2 Absolute defects (to 1 0/00 asb Tubingen, equivalent to I-4e 
Goldmann) outssde 10° of fxaation m all quadrants 

3 As stage 2 but encroaching between 5° and 10° from fixation 
in 1 to 4 quadrants 

4 As stage 2 but within 5° of fixation m 1 to 3 quadrants 

5 As stage 2 but within 5* of fixation in all quadrants 





Table2 Classification of optic disc changes at diagnosis and 
the percentage distribution within each group 


Grade Optic disc appearance 





C/D«0-6 

Suspicious shape of opc cup but C//D<0-6 6% 4% 
Pathological, 0-6 C/D «0 9 
End Stage, C/D>0 9 


UC) Ng 


C/D=Vertcal cup to disc ratio 
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Fig 1 Annual visual field tests illustrating (left) stage 1 field changes in 1982, (centre) progressing to stage 2 by 1983, (right) 
further ngnificant change by 1984 but remaining in stage 2 of the classification 
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| left) ın stage 4 of the visual field classification ın 1982, (centre) showing 


example commenang 
significant progression within stage 4 by 1983, and (right) further progression into stage 5 by 1984 


in visual acuity, visual fields, intraocular pressure, 
disc appearances, and management. To simplify the 
records an arbitrary classification of the visual field 
changes was devised as shown in Table 1 and the optic 
disc changes were graded as shown in Table 2. Table 
2 also shows the distribution of optic disc changes in 
each group. The change in visual field at yearly 
intervals was assessed by an experienced observer 
familiar with the expected variation in the test 
system. Any significant alteration in density or area 
of field loss was noted, and separate data were 
recorded for cases with more severe field change 
causing deterioration by one stage or more. 

Figs. 1 and 2 illustrate the classification of field loss 
and the amount of change which was considered 
significant. Examples of change within a stage of the 
classification as well as across stage boundaries are 
given. Where both eyes of a patient were included in 
the trial, one was selected at random for the analysis 
of results. 


To discover whether the extra loss of visual field of 
group À over group B had occurred before or after 
the delayed trabeculectomy, the 26 group A eyes 
which had required operation were paired with eyes 
selected from group B to have a comparable period of 
postoperative follow-up. This selection was neces- 
sary because the whole group could not be used, since 
the available postoperative follow-up period for 
group A was shorter than for group B. The pairs were 
matched in order of priority for: stage of visual field 
at diagnosis (10096 match), duration of postoperative 
follow-up (10096 match), intraocular pressure at 
diagnosis (92% match with +20% of pressure at 
diagnosis and 50% match with +10% of pressure at 
diagnosis), age (4696 match within 10 years), and sex 
(8096 match). 

To take account of the improvement in visual field 
which may occur with therapy a simple digital scoring 
system was used. Increase or decrease of field within 
a stage was awarded + or —0-5, and for each stage 
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boundary crossed + or —1-0. Statistical analysis 
was performed with the Minitab package of the 
University of Glasgow computer using f, x!, and non- 
parametric tests as appropriate. The main features of 
each group were compared at diagnosis and at each 
year of follow-up. 

A life table was constructed for the patients under 
study and compared with the life expectancy of the 
local population. 


Results 


Patients were recruited at a rate of approximately 25 
per year. Ninety-nine completed at least one year in 
the trial, 53 in group A and 46 in group B. Another 
four patients initially allocated to group B refused 
operation and were excluded from the analysis. The 
mean age at diagnosis was 67-4 years for group À and 
64-3 years for group B, and the group mean intra- 
ocular pressure at diagnosis was 35-9 mmHg for 
group A and 36-1 mmHg for group B. There was no 
significant difference between the groups at the start 
of the trial for sex (0-05 p« 0-1), age (0-1<p<0-2), 
right or left eyes (p>0-5), visual acuity (0-05< 
p<0-1), visual fields (p>0-5), optic discs (p>0-05), 
intraocular pressure (p>0-5), or incidence of 
systemic disease (p>0-5). The Mann-Whitney test 
was used for age and intraocular pressure, x? for other 


Table 3 Patients available for study at end of each year, 
indicating numbers dead or lost to follow-up 





Atend No «valable No dead *6 Dead Lost to 

of year. for study follow-up 
———— A B A+B 
A B 

1 53 46 1 3 4 4 0 

2 36 39 4 3 7 9 L 

3 25 24 4 3 7 12 1 

4 15 15 2 1 3 9 0 

5 5 3 1 1 2 20 0 


Tasble4 Percentage of eyes in group A having 
trabeculectomy because of failure of medical control. The 
figures indicate cumulative data from diagnosis to the end of 
the year stated. Very few cases with IOP >30 mmHg and with 
field loss more advanced than stage 1 at diagnosis have 
avoided operation at the end of the second and third years 


At end Whole Stratified by severity of disease at diagnosis 
of year group 





IOP <3] mmHglOP >30 mmHg 10P >35 mmHg 
and field stage 1 and field rege 2-5 and field stage 3-5 





1 32% 8% 58% 63% 
2 4T% 33% 60% 80% 
3 52% 17% 75% 78% 
4 53% Numbers insufficient for analys 
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factors. The mean time of latest follow-up was 30 
months for group A and 33 months for group B. 

Table 3 shows the numbers available at each year 
of follow-up. Those known to be dead are indicated, 
and one patient was lost to follow-up. Life table 
analysis showed that the number dying (12 males, 4 
females) was not significantly different (p>0-2, 
Poisson distribution) from that expected in the local 
population matched for age and sex (14-1 males, 6-7 
females). Between group A and group B the death 
rate was comparable. 

Table 4 shows the frequency and timing of opera- 
tion in group A (conventional management) in those 
eyes where satisfactory medical control was not : 
possible. The rate for the whole group increased from 
3296 at one year to 5396 at four years, but medical 
therapy was more likely to be abandoned in the more 
severe cases. Thus in cases of milder disease, 
arbitrarily defined at diagnosis as intraocular 
pressure «31 mmHg with stage 1 field loss, those 
requiring operation increased from 896 at one year to 
1796 at three years. In cases of more severe disease, 
an intraocular pressure >30 mmHg and having 
absolute field defects (stage 2 or more, see Table 1), 
the operation rate was 58% at one year and 75% at 
three years. Further stratification to identify the 
worst cases (735 mmHg; Field stage 3 to 5) indicated 
a slightly higher rate of operation, 6396 at one year 
and 78*6 at three years. 

The reasons given by the referring surgeon for 


Table5 Indications for abandoning medical therapy and 
proceeding to trabeculectomy un group A 





Tıme from n Indications for operation 
diagnosis 
to operetion Uncontrolled U. Controlled Other 
(months) IOP TOP and IOP bsa —— 
increanag  increaning 
field loss field loss 
0-3 6 6 0 0 0 
4-122 ll 6 2 3 0 
13-24 6 0 3* 2 lt 
25-33 3. 2* 1 0 0 


*One of these pabents identified with poor compliance 
tIntolerant of all medical therapy 


Table6 Eyes requiring changes of therapy during each year 





Year Group A Group B 
n Extra Operation n Extra — Operetion 

medical medical 
therapy therapy 

1 53 16 17 46 7 (46) 

2 35 5 6 39 1 0 

3 25 5 3 24 2 0 

4 14 4 0 15 0 1 
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NO 
OF EYES 
10 


2 4 6 8 0121 BW 8 20 22 24 


proceeding to operation in these group A eyes are set 
out in Table 5. Unacceptably high intraocular pres- 
sure was the only indication for operation within 
three months of diagnosis; thereafter progressive loss 
of visual field with or without recognised high 
intraocular pressure became more frequent. The 
proportion of group A cases proceeding to trabecu- 
lectomy in the first year after entry was examined for 
each year of the trial to determine if the referring 
surgeons were changing their indications for 
abandoning medical therapy. There was a slight 
increase in the rate of operation in group A in the 
later years, but this was not significant (p>0-5; 7°). 
To compare the relative effectiveness of medical 
therapy with trabeculectomy in reducing intraocular 
pressure, the pressures in those eyes in group A on 
medical therapy which had not required operation 
were compared with the pressures in group B. None 
of Group B were having supplementary medical 
treatment at the time of this comparison at the end of 
the first year, though some did require supple- 
mentary therapy thereafter (Table 6). The 32% of 
group A where medical control had already proved 
impossible (Table 4) are not included. Fig. 3 displays 
the lower intraocular pressure achieved by trabecu- 
lectomy (mean=15-0 mmHg) compared with those 
apparently controlled on medical therapy alone 
(mean-20-8 mmHg). The difference is significant 
(p<0-001, Mann-Whitney). Of the nine patients in 
group A with intraocular pressure 22 mmHg at this 
examination three were not using eyedrops as 
directed and another three were judged to be unsatis- 
factory and had their treatment changed. The raised 
pressure in these six eyes identified at the one-year 
assessment was unexpected and much higher than 
previously noted by the referring surgeon (the 
remaining three eyes were known to have treated 
pressures in the region of 22 mmHg, which was 
considered acceptable by the referring ophthalmolo- 
gist). Even if these six eyes are excluded from the 
group A, data to obtain a group mean intraocular 
pressure of those judged well enough controlled after 
this examination to continue with unchanged treat- 


Llunoperated Group A 


26 28 30 32 34 36 38 
INTRAOCULAR PRESSURE AT 1 YEAR (mmHg 


achieved by medical therapy in 
group A eyes which were thought to 
be controlled without surgery 
(mean 20-8 mmHg) and the 
pressure in group B who had 
trabeculectomy at diagnosis 
(mean 15-0 mmHg). None of the 
patients in group B were using 
supplementary medical treatment. 


Group B 


ment, the mean pressure of 19-5 mmHg is still 
significantly higher than all group B eyes at one year 
(p<0-001, Mann-Whitney). 

The mean intraocular pressure after trabeculec- 
tomy without supplementary medical therapy was 
identical whether the operation was carried out as a 
primary procedure (group B) or only after failure of 
medical therapy (group A). In both cases the mean 
pressure was 15-0 mmHg. 

Figs. 4 and 5 display changes in visual field of at 
least one full stage of the classification from diagnosis 
to latest follow-up. The data for group A include 
those eyes which could not be controlled by medical 
means and which eventually required operation. 
Comparison of the figures confirms that group A 
showed more frequent and more severe loss of visual 
field than group B. Application of the Mann-Whitney 
test to take account of the numbers showing change 
and the degree of change in cach case shows these 
differences are significant (0-02<p<0-05). The risk 
of progression of field defects was not related to the 
severity of loss at diagnosis; those with mild field 
defects were just as likely to have progressive 
deterioration as those with advanced disease. 

Several patients showed improvement in visual 
field with treatment, but this was more common and 
‘more marked in Group B. The changes in visual field 
cannot be explained by variations in miotic therapy. 
All initial field tests were performed before starting 
treatment, and in group B no eyes were on miotic 
therapy at the latest examination. In group A 13 eyes 
were on pilocarpine at the latest follow-up, but, of 
these, six showed field tests which were unchanged or 
improved and another six showed field deterioration 
which had occurred before the introduction or during 
stable dosage of pilocarpine. 

Tables 7 and 8 show the percentage of eyes in each 
group with visual field deterioration from diagnosis 
to the end of each completed year. Any field change 
judged to be significant by an experienced observer is 
included for Table 7, but only the more strict criteria, 
loss of field severe enough to transfer from one stage 
of the classification to another, are considered for 
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VISUAL FIELD LOSS AT LATEST FOLLOW-UP 


Fig.4 Visual field change at latest follow-up (mean=30 
months) in all group A eyes. 


Table 8. It therefore represents those eyes with more 
serious and sight threatening deterioration. By both 
standards of assessment approximately twice as many 
eyes in group A lost field as in group B at each year of 
follow-up. p Values by x test are indicated. 

To determine whether the increased loss of field of 
group À over group B had occurred before trabecu- 
lectomy, and during the trial of medical treatment 
rather than after operation, the relative performance 
of the matched pairs was analysed by the digital 
scoring system. There was no significant difference 
between the two groups for postoperative field 
damage (0-2«p« 0-5, Wilcoxon signed rank test), but 
the preoperative field loss for group A was greater 
than the postoperative loss (0-1-«p«0-02, Mann- 


Table7 Percentage of eyes in each group showing 
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VISUAL FIELD LOSS AT LATEST FOLLOW-UP 
Fig.5 Visual field change at latest follow-up in group B 
(mean=33 months). Comparison with Fig. 2 shows the 


from group A (0-02<p<0-05). 


Whitney test) (Table 9). Using a change of vertical 
cup to disc ratio of +0-1 or more, we found no 
significant difference in the appearance of the optic 
discs of each group at latest follow-up, but the trend 
favoured group B. 

: Very few eyes showed change in corrected Snellen 
visual acuity of more than one line (Figs. 6 and 7). 
The slightly greater number in group A with reduced 
acuity of more than one line is not significant 
(0-2«p«0-5, x). Nevertheless this overall assess- 
ment hides important changes in group A, as six eyes 
in this group lost central fixation because of progres- 
sive field loss—four in the first year, one in the 


Table8 Percentage of eyes in each group showing 
deterioration in visual field by one stage or more from time 





deterioration in visual fields from time of diagnosis to end of of diagnosis to end of year stated 
year stated E 
——————————————————— —.Arend Percentage losing field by one stage or more from tme 
rie Percentage losing field from tone of duegnosu of year of duagnons 
‘your —————————————— 

Group A Group B r Group A Growp B x 

n * A * ^ * a * 
1 53 51 46 20 0-001<p<0-01 1 53 26 46 9 0-<p<0 05 
2 36 55 39 25 0 01<p<0 2 2 36 25 3 15 Not t 
3 25 60 24 25 0 01«p«0-2 3 25 36 24 8 0 @<p<0 05 
4 15 53 15 33 Not ngnrficant* — 4 15 40 15 20 Not ngnificant* 
“Numbers too small for valid analysis. *Numboezs too small for valid analysis. 
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Table 9 Digital score for visual field change for the 26 eyes 
in group A which eventually required operation compared 
with 26 matched controls from group B 


Group 


Group A Preoperative change 
Group A. Postoperative change 


Netscore p 





100) — 0018 (ngmfcant) 


Group B. Postoperative change —4-5} 0-266 (not sugnificant) 


second, and one in the third year. There were no 
comparable events in group B. Progressive lens 
opacity, usually nuclear sclerosis, was the only other 
cause of reduced visual acuity. These progressive 
cataracts were more likely to arise in previously 
normal lenses than in the 2096 of cases which showed 
incipient cataract before glaucoma treatment. The 
overall 1096 incidence of cataract producing reduc- 
tion of more than one line in visual acuity was similar 
in the two groups (Table 10). Of the six cases of 
cataract in group A one appeared before operation. 
Although the incidence of cataract in group A was 
similar to that in group B, this occurred in a group 
with fewer operations (5396 at three years, Table 4), 
and the average postoperative follow-up time for 
those who did have operation in group A (22 months) 
was shorter than that in group B (33 months). The 
numbers with cataract, however, were too small for 
valid statistical comparison. 


Discussion 
This clinical trial was designed not to test the intrinsic 


Group A 





$a MF HM PL NPL 
LATEST VISUAL ACUITY 
Fig.6 Change in visual aciuty from diagnosis to latest 
follow-up in group A (mean=30 months) Six cases lost 
central fixation because of progressive visual field loss 
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merits of surgical or medical therapy but to discover 
the sequence in which they should be used. The 
results provide a basis for the assessment of risks and 
benefits of trabeculectomy as primary treatment with 
secondary support from medical therapy compared 
with the hitherto more conventional reverse 
sequence. The multicentre design of the study makes 
it more relevant as a guide to other surgeons who 
might otherwise remain sceptical of results from one 
individual, who might be considered to have greater 
or lesser skills in medical or surgical management. 
We therefore feel that our trial is a valid test of the 
two treatment strategies as they might be applied in 
the average glaucoma clinic in the United Kingdom. 
Only cases with initial intraocular pressure of 26 
mmHg or more were studied, and therefore the 
findings should not be extrapolated to the glaucoma 
population with lower pressures. For the severity of 
glaucoma studied it is clear, however, that the initial 
attempt at medical control in group A merely delays 
trabeculectomy in many cases. This delay has been 
identified by others,” and it is a criticism which also 
applies to argon laser trabeculoplasty.? Where the - 
initial intraocular pressure is over 30 mmHg with 
dense, though not necessarily extensive, field 
defects, over 7596 of cases treated conventionally 
(group A) require trabeculectomy within three years. 
This delayed operation is just as effective as 
primary surgery in reducing intraocular pressure, and 
in both cases operation is more effective at doing so 


Group B 





ba — $90 $95  $$oCF HM PL NPL 
LATEST VISUAL ACUITY 
Fig.7 Change m visual acuity from diagnons to latest 
follow-up (mean 33 months) in group B Although the data 
are not statistically different from those of group A, no group 
B eyes lost central fixation. 


888 


Table 10 Data for cataract at diagnosis and at final follow- 
up. The incidence is similar in the two groups, but group A 
had had only half the number of operations and has a shorter 
postoperative follow-up 


Group ^ cd Progressive cataract reducing Moan 
nanon >] ine postoperative 
apace follow-up 
Pre New Total 
existing 
^ 53. H 1 5 6 22 months 
B 46 9 2 3 5 33 months 


than modern medical therapy. Although delay does 
not compromise the pressure reducing effect of the 
operation, it does jeopardise preservation of visual 
field. Twice as many patients in Group A lose field 
and to a more severe degree than group B. The 
frequency of postoperative field loss with normal 
pressure after early surgery in this study is compar- 
able to that noted by Kidd and O'Connor" in their 
study of field loss after trabeculectomy as part of 
conventional management. This confirms that, even 
with surgery successfully reducing intraocular 
pressure, there is further loss of field in some cases. If 
this is, as it scems, a slow and at present untreatable 
deterioration, every chance must be taken to achieve 
optimum conditions as quickly as possible, and the 
results presented here suggest for the first time that a 
trial of initial medical therapy is an unacceptable risk 
which may allow unnecessary extra deterioration in 
visual field. We are unable to predict at diagnosis 
those patients who will show progressive visual field 
loss“ ^ and therefore cannot accurately select those 
for whom medical (or laser) therapy will be 
adequate. 

The crude categories of field loss used in this study 
are not as elegant as more detailed mathematical 
analysis, but they may be defended as they divide the 
study population evenly across the 5 stages chosen. 
Of greater value is that they mark stepe in a 
progression which are clearly significant in the pro- 
gress of a glaucoma patient. Practising clinicians may 
therefore find this visual field analysis to be of 
important clinical as well as statistical significance. 

Many surgeons are hesitant to operate carly 
because they believe postoperative cataract may 
cventually jeopardise visual acuity, and in a very few 
cases there may be more dramatic surgical complica- 
tions. Our results indicate no difference in visual 
acuity between the trial groups at present follow-up. 
Although numbers are small, with cataract appearing 
in only 10%, the trend of the data suggests that group 
A develop cataract just as often as group B despite 
having only half the number of operations and 
shorter postoperative follow-up. This may indicate 
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that either medical therapy is equally cataractogenic 
or the delayed operation carries an increased risk 
over early operation. More data are required to 
clarify this point. It is surprising that, where progres- 
sive cataract has occurred, it is usually as a new 
feature and not in those eyes showing early cataract 
before treatment. 

Where less than perfect supervision is available, 
the poorer performance of the conventional treat- 
ment plan may be even more marked, as there may 
be delay in recognition of unsatisfactory intraocular 
pressure or deterioration of visual field. In many 
countries prolonged medical therapy and close super- 
vision are impossible, and surgeons already practise 
early trabeculectomy. It now seems evident that this 
may also be the better policy even when close 
supervision of medically treated patients is possible. 
Indeed the conditions of the trial are such that it may 
have provided closer than normal supervision of 
medical treatment. The annual assessment by the 
trial investigator may have provided extra data or 
merely extra incentive for the referring surgeon to 
look more closely at each case. Again it must be 
emphasised that these results apply to the more 
severe cases of established glaucoma. A different 
strategy may be appropriate for less advanced cases. 
Before individual surgeons adopt the policy of early 
operation it is essential that their own surgical results 
are scen to be as safe and effective as in the published 
literature. 


We thank the following for allocatmg patients to the trial. Dr T 
Barrie, DJ S Cant, D J Dudgeon, Professor W S Foulds, Professor 
J V Forrester, Dr P M Kyle, Dr M LeMay We are mdebted to Mme 
Pauline Johnston for typing the manuscript and to Dr D Allan for 
heip with statestical analyszs. Dr John Clarke, Information Services 
Unit, Greater Glasgow Health Board, performed the life table 
analysis. 
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The 12-hour control of intraocular pressure on 


carteolol 2% twice daily 


G R DUFF' AND R G NEWCOMBE? 


From the Department of Ophthalmology, University Hospital of Wales, and the Department of Medical 
Computing and Statistics, University of Wales College of Medicine 


` 


SUMMARY Ina 15-week double-blind, placebo-controlled, crossover study both carteolol 2% and 
timolol 0-596 produced a significant reduction in intraocular pressure. Twelve hours after 
administration the reduction in pressure on carteolol was significantly less than that obtained on 


timolol. 


Carteolol is a non-specific beta-blocking agent used 
in the treatment of glaucoma. The literature on the 
effect of carteolol on intraocular pressure is not 
extensive. Previous publications have demonstrated 
a significant reduction in pressure at peak effect! and 
for up to six’? and eight! hours. In this placebo 
controlled study the 12-hour control of intraocular 
pressure of carteolol 2% and timolol 0-596 are 


compared. 


Material and methods 


Twenty-five subjects between the ages of 45 and 80 
years were recruited for this trial, 16 male and nine 
female. All had a mean intraocular pressure of 21 
mmHg or more recorded on at least two occasions 
before the trial began. Exclusion criteria were: open- 
angle or closed-angle glaucoma, visual field defects 
detectable with the Friedman analyser, visual 
acuities of less than 6/12, asthma, cardiac failure, or 
any other medical condition in which treatment with 
a beta-blocking agent would be contraindicated. 
Ethical approval was obtained from the local hospital 
ethics committee. 

At enrolment each patient filled out a medical 
questionnaire and gave written informed consent. 
Corrected visual acuities were measured with a 
Snellen chart, and visual fields were assessed with a 
Friedman visual field analyser. All subjects on pro- 
phylactic ocular hypotensive therapy had this stop- 
ped one month before the start of the trial. 

Subjects were randomly allocated among six treat- 
ment groups, representing all six possible sequences 
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of the three treatments carteolol, timolol, and 
placebo. The order of administration of the three 
treatments for each group are given in Table 1. 

The study was performed double-masked; the 
three treatments were presented in identical glass 
bottles with sterile droppers. Each treatment was 
instilled into both eyes 12-hourly for one week. There 
was a four-week washout period between the treat- 
ment periods. Intraocular pressures were measured 
at the beginning of each treatment period, to allow an 
estimate of the carry-over effect, and 12 hours after 
the last dose at the end of the treatment period. All 
measurements were made at the same time of day (to 
within 14 minutes for each subject) by the same 
Observer. 

The intraocular pressures obtained on each of the 
three treatments were compared by analysis of vari- 
ance, and pairwise differences between treatments 
were then identified. 


Results 


Two subjects failed to complete the study: one 
completed one treatment period, the other com- 
pleted two treatment periods. One subject was 
withdrawn from the study after one week's treatment 


Table 1 The order of administration of treatments in each 
of six treatment groups 





Group I 2 3 4 5 ó 
Treatment i T C P T C P 
Treatment 2 C T C P P T 
Treatment 3 P P T C T C 
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Table2 Comparison of the 


891 








> Companson Estimate SE 95% confidence % t p 
effects of carteolol, timolol, and 
placebo on intraocular pressure; = 
adjusted for carry-over; 25 CvsP —2-67 0-72 —4:12 to -122 ~13-4 -372 <0 001 
subjects, both eyes averaged. TwP -42 073  —5 7010-274 | -212 —5-5 <0001 
Adjusted means in mmHg: CyT +1.55 0-73 +0-07 to 4-3-03 - T2.11 <0 05 
carteolol 17-2, timolol 15-7, 
placebo 19.9 Carteolol« C Trmoloi- T. Placebo=P. 


with carteolol and a one-month washout owing to 
the development of a unilateral uveitis and a conse- 
quent reduction of visual acuity in the affected eye to 
6/24. 

The results of the comparison of the effects of 
. carteolol, timolol, and placebo on intraocular 

pressure are summarised in Table 2. The analysis of 
variance was performed with the post-treatment 
intraocular pressure (average of both eyes) as the 
dependent variable and subject, period, and treat- 
ment as the explanatory factors. There was a linear 
period effect, a reduction of the order of 1-3 mmHg 
per treatment period. Adjustment for carry-over had 
very little effect on the results owing to the balanced 
design of the study. 

There was a highly significant reduction in intra- 
ocular pressure on both carteolol and timolol. After 
one week’s therapy the reduction in pressure 
obtained 12 hours after the administration of 
carteolol 2% was significantly less than that obtained 
on timolol 0-596 . In the analysis incorporating adjust- 
ment for carry-over there was a 13-496 reduction on 
carteolol and a 21-296 reduction on timolol compared 
with the mean pressure on placebc . 


Discussion 


Carteolol is a non-specific beta-blocking agent 
recently licensed in the UK for use in the treatment of 
glaucoma. Though the manufacturers suggest a twice 
daily regimen, there is no satisfactory information so 
far on the control of intraocular pressure over a 12- 
hourperiod. ` 
There is no doübt that at peak effect carteolol 296 
does produce a significant reduction in intraocular 
.? The difference between the effects of 
carteolol 1% and carteolol 2% is small and did not 
reach significance in a crossover study.' When 
comparing the pressures obtained on carteolol with 
those on placebo (rather than comparing pressures 
on carteolol with pretreatment pressures, and ignor- 
ing the effect of diurnal variation) Kitazawa et al. 
demonstrated a significant reduction in intraocular 
pressure for up to six hours.’ 
In an open study on eight patients with ocular 
hypertension and glaucoma Horie et al demon- 
strated a greater reduction in intraocular pressure on 


timolol 0-596 than on carteolol 2%. In the same 
publication the authors reported a failure to demon- 
strate a difference between timolol 0-596 and 
carteolol 2% in a double-blind study on 10 subjects. 
This might have been due to the small sample size or 
to the study design, in which the two treatments were 
administered in succession (for one month each) 
without an intervening washout period. 

The present study is the first placebo-controlled, 
double-masked trial to show a significant reduction in 
intraocular pressure 12 hours after the administration 
of carteolol 2%. It also shows that the reduction on 
carteolol 296 is significantly less than that obtained on 
timolol 0-596 . 

The results presented here apply to ‘glaucoma 

' who have had one week's treatment with 
carteolol and with timolol. Further work is needed to 
determine the reduction in pressure obtained over 
longer treatment periods, and, more important, to 
determine the long term effects of carteolol on the 
visual field of glaucoma patients. Until the initial 
studies on the effect of carteolol on differential light 
threshold are confirmed,* carteolol, in terms of its 
ocular effect, does not appear to offer any significant 
advantage over timolol. In terins of the 12-hour 
control of intraocular pressure carteolol appears to 
be less effective than timolol. 
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SUMMARY Fifty-one patients with raised intraocular pressure (IOP) were treated for up to four 
years with one of three ophthalmic solutions: 0-596 levobunolol, 196 levobunolol, or 0-596 timolol. 
The study was conducted as a double-masked, randomised trial in which medications were 
administered twice daily to both eyes. Levobunolol and timolol were equally effective in reducing 
overall mean IOP; reductions were greater than 8-8 mmHg in all three treatment groups. The study 
showed levobunolol to be as safe and effective as timolol in the long-term control of raised IOP. 


Glaucoma is a chronic disease, generally requiring a 
lifetime of treatment. Most evaluations of new 
agents, however, are of relatively limited durations. 
In the present report we describe our findings in a 
four-year, double-masked comparison of levo- 
bunolol, a new B;/B;-adrenoceptor antagonist, and 
timolol. This is a follow-up to our previous one-year 
report of this comparison.’ 


Subjects and methods 


As detailed previously,’ this was a randomised, 
double-masked comparison of three treatments: 
0-596 levobunolol, 196 levobunolol, or 0-596 timolol. 
All were administered twice daily into both cyes. 
Patients with chronic open-angle glaucoma or ocular 
hypertension characterised by untreated IOP values 
of 23 mmHg or higher in both eyes were considered 
for the study. Excluded from participation were 
patients with contraindications to the topical or 
systemic use of beta blockers, those with secondary 
or narrow-angle glaucoma or aphakia, and those.who 
had used systemic beta blockers within the three 
months immediately preceding the study. 

The study consisted of 35 visits including a baseline 
examination. After the baseline examination and as 
close as possible to 9 am the patients received a single 
drop of the test medication into each eye. They were 
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then instructed to administer a single drop of the 
study medication into each eye twice daily (9 am and 
9 pm) for the duration of the study. The cup-disc ratio 
was measured subjectively with a direct ophthal- 
moscope and visual fields by Goldmann kinetic 


perimetry. 

IOP values for right and left eyes were averaged for 
analysis. Owing to differences at baseline an analysis 
of covariance model (ANCOVA) was used to 
analyse mean changes of IOP from baseline.” Within- 
group changes from baseline were tested for signific- 
ance with the paired ¢ test. Overall mean changes 
from baseline were tested by analysis of variance 
(ANOVA) for repeated measures design.’ Kaplan- 
Meier survival curves were used to evaluate time to 
treatment failure due to uncontrolled IOP.‘ Survival 
curves were compared among the groups by the log- 
rank method.’ Results were considered statistically 
significant if p values were =0-05. 


Results 


Fifty-one patients participated in the study. One 
patient was diagnosed as having ocular hypertension; 
the rest had open-angle glaucoma. Other demo- 
graphic characteristics are presented in Table 1. 

As shown in Fig. 1, the cumulative probability of 
successful control of IOP (life-table analysis) for four 
years was approximately 40% for each treatment 
group. There was no significant difference among 
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groups. Most of the efficacy failures occurred within 
the first two years of the study. 

The status of all the patients at the end of the study 
is shown in Table 2. In addition to the patients whose 
treatment was terminated owing to inadequate con- 
trol of IOP, approximately 8% had their treatment 
terminated for drug-related adverse effects. These 
were in the two levobunolol groups and included 
three reports of topical allergies to levobunolol and 
one report of dyspnoea. All adverse effects occurred 
after approximately one year of treatment. 

As shown in Fig. 2, there was a significant decrease 
of mean IOP from baseline in all three treatment 
groups throughout the four years of the study. 
Overall, the mean decrease in IOP was 9-5 mmHg, 
9-6 mmHg, and 8-8 mmHg in the 0-596 levobunolol, 
1% levobunolol and 0-596 timolol groups, respect- 
ively. There were no significant differences among 
the groups. 


Table1 Study population* 


Varubie 05% -1% 0-5% 
Levobunolol 
(n717) (n717) (n= 17) 
Meant+SD 70 946-9 70 849-1 69-1467 
Male 10 10 12 
Female 6 7 5 
Not reported 1 0 0 
Iris colour 
Biue 0 1 3 
Green 6 7 6 
Brown il 9 8 
Glaucoma 
Open-angic glaucoma — 16 (94%) 17 (100%) 17 (100€) 
Ocular hypertension 1(696) 0 (0%) 0 (0*6) 


*No mgnificant differences among the groups were noted. 





Fig.1 Cumulative probability of 
successful control of IOP 
approximately 40% in each 
treatment group. 


Table 2 Status of pattents at end of four years 





0-5% 1% 0-5% Total 
Levobunolol Levobunolol Tumotol 
~ Successfully 4 (23%) 4 (24%) 6 (35%) 14 (27%) 
Terminated: ' 
Inadequate 7 (41%) 7 (41%) 9 (53%) 23 (45%) 
control of 
IOP 
Termmated: 
Drug-related 3 (18%) 1 (6%) 0(0%) 4 (8%) 
adverse 
Not drug 3 (18%) 5 (29%) 2 (12%) 10 (20%) 
related 4 
Total 17 17 16 50 


As shown in Table 3, there were reports of 
clinically significant increases in cup/disc ratio 


- (20-2) and in progressive visual field loss in approxi- 


mately one-half of the patients. The treatment 
groups were similar in this respect. 

Overall, the mean changes in pupil size were less 
than +0-25 mm. Mean decreases in Schirmer tests 
were less than 2-5 mm. No changes were seen in the 


Table3  Cup-disc ratio increases and visual field losses 





0-5% I% 05% 
Levobunolol — Levobunolol — Timolol 
Cap-dusc ratios 7 (44*.) 9 (53%) 11 (65%) 
incresso« 0-2 
Glancomatous viual 6 (38%) 3(18*5) 10 (59%) 
ficid losses* 


*Defined as Bjerrum's scotoma, nasal step, generalised constriction, 
or enlarged bind spot not present at beseline examination 
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Fig.2 Significant decrease of mean IOP in each treatment group. 
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Fig.3 Mean heart rate decreased in first week of therapy, but decreases did not subsequently change. 
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Fig.4 Decreases in mean systolic and diastolic blood pressure 


blink test. None of these changes was of clinical or 
statistical significance. 

While decreases in mean heart rate of 5-10 bpm 
“were observed with the first week of therapy (Fig. 3), 
these decreases did not change significantly over 
time. There were decreases in mean systolic and 
diastolic blood pressure in all treatment groups (Fig. 
4). There were no significant differences among 
groups in overall mean changes in heart rate or blood 
pressure (Table 4). In general, the incidence of 
clinically significant biomicroscopic and ophthalmo- 
scopic findings were similar among the groups. 

Patients’ complaints were few, numbering only 
three. One patient using 0-5% timolol had epiphora 
at one visit. Another using 0-596 levobunolol 
reported unilateral trigeminal irritation, which 


Table 4 Overall mean changes in cardiovascular variables 


05% 1% 0-5*6 
- Levobumolo — Levobunolol — Timolol 
Heart rate (bpm) -13 ~3-9 -13 
Systobc blood pressure 1-0 -50 -116 
(mmHg) 
Diestolc blood —04 -39 —67 
pressure (mmHg) 


There were no agnrficant differences among groups 
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Week 


in each treatment group. 


resolved within one month. The third, who used 1% 
levobunolol, reported dizziness at three visits. 


Discussion 


In this study levobunolol was as safe and effective as 
timolol for the long-term treatment of raised IOP. 
The long-term efficacy failure rate of approximately 
15% per year was not only similar for levobunolol 
and timolol in this study but similar to that in a two- 
year study comparing the same treatments.‘ Interest- 
ingly, most of the efficacy failures occurred in the first 
two years. Outside the treatment protocol we found 
that these patients could be controlled with the 
addition of pilocarpine or dipivefrin. The long- 
term safety profile of levobunolol was good and : 
similar to that of timolol. The possible untoward 
effects of levobunolól seen here, decreased cardio- 
vascular function and topical allergy, are similar to 
those reported previously for both timolol and 
levobunolol.*" . 

Of some concern in the present study is that, in 
spite of well maintained IOP reductions, some 
patients in each treatment group appeared to show 
additional visual field and nerve head deterioration. 
While manual Goldmann visual fields and subjective 
ophthalmoscopic estimations of cup-disc ratio are 
standard for clinical practice, they are quite vari- 
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able.** Newer research techniques might have more 
objectively tracked these changes, if indeed they 
represent true glaucomatous progression. 

However, as is well known, medical or surgical 
ocular hypotensive therapy may not necessarily halt 
the glaucomatous process. Some studies suggest 
that treatment retards the progression rate of 
glaucoma,*" others do not.” ” Testing these hypo- 
theses requires evaluation of a group of patients who 
receive no treatment and long-term follow-up with 
automated perimetry, as is being undertaken by 
Alexander and associates." The present study was 
conducted not to answer the larger question of the 
efficacy of treatment on the disease itself but to 
compare a new ocular hypotensive agent, levo- 
bunolol, with a currently accepted one, timolol. In 
that regard we found both treatments equivalent. 

As in other controlled studies, with neither levo- 
bunolol nor timolol did we see evidence of punctate 
keratitis, dry eye, corneal anaesthesia, or other 
ocular findings previously reported for timolol.“ 
This suggests that such clinical reports may be 
relatively rare. Indeed, the frequency of ophthalmic 
examination in our study, 35 visits over four years, 
might tend to exaggerate the ‘real’ incidence. 

Our four-year results support the trends we 
observed in the first year! as well as observations from 
other studies.* Levobunolol is as safe and effective as 
timolol for the long-term control of JOP in patients 
with glaucoma. 


The authors gratefully acknowledge the research consultation of 
Efraim Durman, MD, and the editora] assistance of Michele 
Vivinto and Mary-Jane Branm. 
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PRESCRIBING INFORMATION 


PRESENTATION 

A clear, colourless solution in a plastic dropper bottle. Glauline is 
available in three strengths containing 0.196, 0.3% or 0.6% w/v 
metipranolol together with benzalkonium chloride 0.01% w/v as a 
preservative 

USES 

Glauline is a beta adrenoceptor blocking agent used in the topical 
treatment of chronic open-angle glaucoma and other conditions in which 
intra-ocular pressure is elevated above normal levels. 

DOSAGE AND ADMINISTRATION 

The recommended dosage is one drop instilled into the affected eye twice 
daily. Newly diagnosed patients should be treated in the first instance 
with Glauline 0.1%. changing to a higher strength if adequate control is 
not achieved or maintained. Patients on existing therapy, whether or not 
this is to be continued, should receive 0.3% Glauline and the intraocular 
pressure of all patients should be monitored regularly (e.g. every 4-6 
weeks). 

Use of the 0.6% strength is only recommended in patients who are not 
controlled on the lower strengths of Glauline 

CONTRA-INDICATIONS, WARNINGS ETC. 

The use of Glauline is not recommended in patients with obstructive 
airway disease, cardiac failure or hypersensitivity to metipranolol. Beta 
blockers should not be given with verapamil and neither drug should be 
administered within several days of discontinuing the other. As 
absorption into the circulation is possible, Glauline should only be used 
with caution in patients already receiving similar drugs by mouth. In 
particular, care should be taken in patients with sinus bradycardia and 
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greater than first degree heart block. Although there is no evidence to 
suggest that metipranolol has teratogenic properties, its use during 
pregnancy should be avoided, unless the potential benefits are considered 
to outweigh the possible hazards. No clinical trials in children have been 
carried out. Glauline should not be used in patients fitted with soft 
(hydrophilic) contact lenses. 

PHARMACEUTICAL PRECAUTIONS 

Glauline should not be diluted or dispensed from any container other 
than the original bottle. It is potent for three years unopened, but as with 
other eye drops the contents of each bottle should be discarded one 
month after opening. 

LEGAL CATEGORY — POM 

PACKAGE QUANTITIES 

Glauline is supplied as a sterile ophthalmic solution in a 5ml plastic 
dropper bottle. 

FURTHER INFORMATION 

Glauline has little or no effect on pupil size or accommodation. 

Glauline is generally well tolerated but some patients may complain of a 
slight stinging which soon passes off. Transient headaches have also been 
reported 

PRODUCT LICENCE NUMBERS Smith & Nephew Pharmaceuticals Ltd 
Glauline 0.1% 0033/0104 BamptonRoad,Harod Hi SSS 
Glauline 0.3% 0033/0105 Romford, Essex RM3 BSL, England 

Glauline 0.6% 0033/0106 Telephone: ingrebourne (04023) 49333 


Telex: 898 058 SMINEPG 
Fax: 04023 71316 
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' carteolol hydrochloride 


Topical beta-blocker 
for the management of 
glaucoma 


DISPERSA 


Teoptic: Abbreviated prescribing information 

Presentation: Sterile eye-drops containing carteolol hydrochloride 1% or 2% w/v with benzalkonium chloride 0.005% as a preservative. 
Uses: Topical treatment for the reduction of intraocular pressure e.g. in ocular hypertension, chronic open angle glaucoma, some secondary 
glaucomas. Dosage and administration: Initially the recommended adult dose is one drop of Teoptic 1% Eye-drops in affected eye twice daily: If 
required the dosage may be altered to one drop of Teoptic 2% Eye-drops in affected eye twice daily. Children: Use not recommended. Elderly 
patients: Recommended adult dose suitable. Contra-indications: Uncontrolled cardiac insufficiency, Bronchospasm, bronchial asthma, chronic 
obstructive pulmonary disease. Pregnancy. Hypersensitivity. Precautions: As with other topically applied ophthalmic preparations, Teoptic may be 
absorbed systemically. Therefore Teoptic should be used with caution in patients receiving systemic beta-blockers or with knows contras 

, indications to systemic beta-blockers e.g. sinus bradycardia, second and third degree block, cardiodenic shock, uncontrolled diabetes. 





Content of benzalkonium chloride onl 0.005% 


Five good reasons for 
prescribing Teoptic 


As with all ophthalmic preparations containing benzalkonium chloride, soft or gas-permeable contact lenses should not be worn during treatment. 
Side effects: Ocular reactions such as irritation, burning, pain, blurred vision, conjunctival hyperaemia and corneal disorders such as keratitis 
may occasionally develop. As with ali beta-blockers bradycardia, dyspnoea, headache, lassitude and vertigo have occasionally been reported. 
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Day-case cataract surgery 


M T WATTS! AND J L PEARCE? 


British Journal of Ophthalmology, 1988, 72, 897—899 


From the Birmingham and Midland Eye Hospital and the * Alexandra Hospital, Redditch 


SUMMARY The results of a series of 40 cataract extractions with lens implantation performed on 
day-case patients under local anaesthesia are reported. The ways in which modern surgical 
techniques have rendered this a safe procedure are described, and the potential benefits of day-case 


intraocular surgery are discussed. 


Day-case surgery is becoming increasingly wide- 
spread in Great Britain, and its cost effectiveness and 
popularity with patients are well established. 
Though common in the United States, intraocular 
day-case surgery has not found universal favour in 
this country,” though a series of intracapsular cataract 
extractions without lens implantation has been 
reported?* The increased complication rate with 
intracapsular cataract extraction with overnight stay 
as compared to a five-day stay has been recorded.’ In 
1983 the Commission on the Provision of Surgical 
Services of the Royal College of Surgeons published 
its Guidelines of day-case surgery’ and concluded 
that, in view of the necessity for supportive services, 
day-case surgery for intraocular procedures was 
unlikely to become widespread in the near future, 
and indeed these predictions were accurate. 

We believe that using extracapsular surgery, how- 
ever, and peribulbar as opposed to retrobulbar local 
anaesthesia, day-case cataract extraction 1s a safe 
procedure. In this report we describe a series of 40 
cataract extractions without any problems attribut- 
able to day-case management. The importance of 
patient selection is stressed, as are the potential 
economies that the technique may bring. 


Material and methods 
Forty-one patients were selected as suitable for day- 
case surgery after inquiry into their home support 
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and general physical and mental wellbeing. The 
procedure was explained to them as an alternative to 
our standard practice of overnight stay. All con- 
sented willingly, and keratometry and ultrasonic 
axial length measurement were carried out on them 
as outpatients. They were admitted at 11 am to the 
day unit of our hospital for afternoon surgery, signed 
their consent in the presence of the surgeon, and had 
any further questions answered. 

One hour pre-operatively they were given 10 mg of 
temazepam orally, and one half-hour later the local 
anaesthetic was administered. This comprised topical 
0-4% oxybuprocaine drops, and a peribulbar injec- 
tion of 4-6 ml of 0-75% bupivacaine, injected 
through the lower eyelid into the peribulbar space 
but not entering the muscle cone. A Honan balloon 
was applied until surgery. 

Patients who wore hearing aids were encouraged 
to retain them during surgery, and music was played 
if so desired. Drapes included the provision of a tent 
over the patient’s mouth into which oxygen was 


ped. 

All operations were performed by one of two 
surgeons, one of whom used a standard extracapsular 
technique, with removal of the anterior capsule prior 
to delivery of the nucleus, and the other an inter- 
capsular technique, in which the nucleus was 
delivered through a horizontal cut in the anterior 
capsule and the anterior capsule removed after the 
insertion of the lens implant into the capsular bag. 
Both inserted capsular fixated lenses, of either a disc 
or Y-loop type. In two of the patients a lens was not 
inserted as a primary procedure owing to peropera- 
tive posterior capsule rupture. Sodium hyaluronate 
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was used throughout to protect intraocular struc- 
tures, but was removed just prior to full closure of the 
section, which was done using 9/0 or 10/0 nylon. A 
subconjunctival injection of ampiciliin and Depo- 
Medrone (methylprednisolone) was given as well as 
two drops of timolol 0-596. An eye pad and plastic 
cartella were applied. Patients were then taken back 
to the ward, whence they were collected by friends or 
relatives shortly after. 

They all returned at 9 am the following day for 
their first dressing, at which time they were examined 
by the surgeon. All were given Maxitrol (neomycin, 
polymyxin B, dexamethasone) eye drops to take 2 
hourly until their next clinic visit at between two and 
five days, when they again had a full ocular examina- 
tion with tonometry. Subsequent visits were 
arranged as required, usually being at six weeks 
postoperatively, at which time they were referred to 
an optician for provision of spectacles. 


Results 


Forty cataract operations were performed in a group 
of 22 males and 19 females, with a mean age of 74-4 
years, range 62-91. Twenty-six of the patients were 
in excellent general health, whereas the others 
suffered from the conditions shown in Table 1. All 
were able to lie still and flat during surgery. Their 
social circumstances varied, but all had either a 
relative or friend to stay with them over the first 
postoperative night except for one who lived in 
warden controlled accommodation and was closely 
supervised, and one for whom district nurse visiting 
was arranged. 

Fourteen had had previous cataract surgery, but 
none as a day case. Only one patient required to be 
admitted overnight, and this was due to adverse 
weather preventing his collection from hospital. One 
patient was so anxious on admission that she decided 
to decline surgery and was discharged. She was 
subsequently offered an operation under general 
anaesthesia, but remained undecided as to whether 
to proceed. 

None of the patients suffered any medical prob- 
lems during their stay. In two patients no intraocular 
lens was inserted owing to posterior capsule rupture, 
though implantation as a secondary procedure is now 
planned. In neither did the surgeon consider that the 
use of day-case care had compromised the operation, 
and the anaesthesia had been effective. 

There were two instances of a rise in intraocular 
pressure above 21 mmHg, to 24 mm and 27 mm 
respectively. These were transient and did not 
require treatment. There was no case of iris prolapse 
or endophthalmitis. 

Patient satisfaction, though difficult to quantitate, 
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Table 1 Systemic illnesses suffered by day-case patients 








ines No. 
Bronchrtis/emphrysema 3 
Diabetes mellitus (oral contro!) 2 
Previous cerebrovascular accident 2 
Arthrits 3 
Hypertension 6 





was generally good. Only one patient regretted her 
decision to have day-case surgery rather than general 
anaesthesia, and six patients have requested surgery 
to their second eye on a similar basis. 


Discussion 


Much of the concern regarding day-case cataract 
surgery rests on the fear of raised intraocular 
pressure, iris prolapse, and endophthalmitis going 
unnoticed for a period of time. We believe that our 
techniques of anaesthesia and surgery minimise these 
problems, and in this series we have so far experi- 
enced none of them. 

Posterior peribulbar anaesthesia, first described by 
Davis and Mandel,’ though previously performed for 
many years, reduces the risks normally associated 
with retrobulbar anaesthesia. Because the anaes- 
thetic is not injected within the muscle cone, the risk 
of damage is much lessened —in particular the risks 
of retrobulbar haemorrhage, optic nerve damage, 
perforation of the globe, and meningeal irritation or 
respiratory depression. It provides good analgesia 
and akinesia, and obviates the need for intravenous 
sedatives or neuroleptics and hence the need for the 
presence of an anaesthetist, though in all cases 
emergency anaesthetic cover was available. 

Extracapsular cataract with capsular 
fixated lenses, and removal of sodium hyaluronate 
prior to full wound closure reduces the incidence of 
postoperative pressure rises that others performing 
day-case or short-stay cataract surgery have experi- 
enced when using intracapsular surgery with 
chymotrypsin.’ This, in combination with meticulous 
attention to wound closure, we believe is responsible 
for the lack of iris prolapse. In a number of patients in 
the series 9/0 rather than 10/0 nylon was used as 
suture material in order to provide added wound 
strength. With buried knots these did not prove 
uncomfortable to patients nor did they cause any 
astigmatic problems. This may be a more appropriate 
suture for day-case patients. Subconjunctival anti- 
biotics were routinely used to minimise risks of 
infection. 

Apart from patient preference the cost savings 
made by day-case surgery are significant. Precise 
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estimates of the savings are difficult to formulate, 
since as long as facilities exist for inpatient manage- 
ment their disuse does not offer immediate savings. 
In our hospital we have fully utilised both the 
inpatient and outpatient day-case facilities, so the 
effect has been to reduce the waiting list rather than 
to effect immediate savings. Estimates of savings in 
the region of £270 have recently been suggested, 
however. 

Day-case cataract surgery is not suitable for all 
patients, and selection is critical. We do not see 
the procedure as a replacement for conventional 
inpatient management but rather as an adjunct to it. 
Particularly in times of ever increasing demands on 
Health Service funds, intraocular day-case surgery 
helps to make the best of resources. 
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Argon laser treatment of lipid keratopathy 


RONALD J MARSH 


From the Western Ophthalmic Hospital, London NW1 SYE, and Moorfields Eye Hospital, City Road, 


London ECI 


SUMMARY Sixty-three cases of vascularised lipid keratopathy were treated with the argon laser to 
occlude feeder vessels which had been identified by fluorescein angiography. There was a reduction 
in extent in 62% and density in 49%. Visual acuity was improved in 48%. Six patients had 
keratoplasties shortly after treatment, none of which showed graft rejection. Minor complications 
included temporary haemorrhage into the cornea and iris atrophy. A more serious problem was 
severe corneal thinning after resorption of lipid. The patients had to be carefully followed up and 


maintained on a low dose of topical steroid. 


Most lipid keratopathy is secondary to corneal 
inflammatory disease and is vascularised. The com- 
monest causes are herpes simplex and herpes zoster 
disciform keratitis. Treatment involves firstly con- 
trolling the primary inflammatory disease and then 
the lipid deposits. Many attempts have been made to 
occlude the blood vessels supplying these deposits"* 
in the hope that further lipid deposition can be 
prevented, some resorption occur, and, in some 
cases, the host made safer for grafting. More recently 
the argon laser has been used for this purpose.?? I 
was pleased with our preliminary results? but was 
struck by the extensive iris atrophy induced. The use 
of the Abraham contact lens has minimised this 
problem." The histopathology of treated corneas has 


been recorded and a mechanism of vascular closure . 


proposed.” This paper presents my results from 1975 
onwards with a minimum follow-up of one year. 


Matertal and methods 


Patients with lipid keratopathy were referred for 
assessment and treatment from many centres, the 
chief of which were Moorfields and the Western 
Ophthalmic Hospitals. The history was recorded on a 
score sheet, including the suspected aetiology of the 
keratitis, duration, and therapy. Slit-lamp examina- 

tion concentrated not only on the extent, density, and 
vascularity of the lipid deposit but also on the iris and 
lens appearance. A note was added to the score sheet 
on the shape and position of the deposits — whether 
they were central or eccentric disciform, marginal, 
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diffuse interstitial, or deep, and a drawing was made. 
A random number of patients had their fasting blood 
lipid profile assessed, which included serum concen- 
trations of cholesterol, triglyceride, betalipoprotein, 
prebetalipoprotein, and chylomicra. 

Colour photographs of the whole cornea (with a 
dilated pupil) were taken on a Zeiss photo slit-lamp 
at X2 film magnification with identical settings, 
lighting conditions, and film (Kodak Ektachrome 
200). A careful grading was made on the density and 
extent of the lipid by means of a Zeiss Dokumator to 
project the transparency on its built-in screen over 
which a transparent grid was superimposed to 
encompass the whole cornea and divided into 100 
squares. Extent was calculated from the number of 
grid squares involved (including those that were 
more than half filled) and expressed as a percentage 
of the whole cornea. Density was classified into four 
categories based on the degree of masking of under- 
lying structures: 0=transparent, 1=slight blurring 
of iris crypts, 2=iris colour only appreciated, 
3=pupil vaguely discerned with full illumination, and 
4=total opalescence with dense creamy yellow lipid. 
Fluorescein angiography was carried out in all new 
cases with the modified Zeiss photo slit-lamp, 20% 
fluorescein, and video by the techniques described 
before.“ The 35 mm film was examined and the 
vascularity classified as slight (1), moderate (2), and 
profuse (3), while the vascular stems at the limbus 
were defined as single and narrow or multiple and 
diffuse. The video was analysed to establish the 
dynamic filling pattern of the vessels. These details 
were added to the diagram and score sheet. 

Treatment was carried out with a coherent argon 
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laser 900 series via the Abraham contact lens as 
described previously.“ In most cases 1t was possible 
to achieve initial vessels closure in one treatment 
session, but in cases with dense vascularisation it was 
best to treat three times in one day and to re-examine 
a few days later with a view to further lasering. 

Immediately after treatment prednisolone 0-396 
drops were administered twice a day until the next 
visit. À month was usually adequate for the first 
follow-up visit and then three or six monthly depend- 
ing on the success of vessel closure. At each follow-up 
examination the density, extent, and vasculanty of 
the deposits were reassessed and colour photographs 
repeated, but angiography was carried out only in 
doubtful cases. Any remaining vessels were again 
treated by the laser. All relevant details were entered 
in the score sheet. The attempt was made to withdraw 
the prednisolone drops, entirely but cautiously, over 
one year, but they had to be used after lasering and if 
there was any sign of active keratitis. The intraocular 
pressures were regularly checked while the patients 
were taking steroids, and 1n case of raised intraocular 
pressure fluoromethalone drops were substituted. 
Where lipid deposits were very dense and central the 
patients received grafts as soon as vascular flow had 
been stopped. 


Results 


Sixty-three patients were reviewed with a minimum 
follow-up of 12 months. The sex distribution was 
equal and the average age was 52. Table 1 depicts the 
morphology and aetiology of the cases. Two of these 
cases were old corneal grafts with marginal lipid 
deposits at the graft-host junction and the bacterial 
infection was related to contact lens wear. 
Thirty-nine cases (6296) showed a reduction in the 


Table1 Aetiology and morphology of lipid keratopathy 





Aetiology Central Eccentric Marginal ae r 
ducform disciform 

Herpes xmplex 13 14 3 5 0 

Herpes roster 5 14 2 0 0 

Acne rosacea — 0 1 0 0 

Bactenal 0 H 0 0 0 

Unknown 0 2 1 0 2 


Table2 Effect of laser on the extent of opacity (expressed as 


a percentage of the corneal surface) ^ 

More than 20% Less than 20% 
Before treatment 36 (5796) 27 (43%) 
After treatment 18 (29%) 45 (7196) 


¢=9-36 p«0-01, highly ngnificant. 
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extent of the lipid, 13 (21%), no change and 11 (17%) 
an increase. If the patients were divided info two 
groups, one with lipid involving less than 20% of the 
cornea and the other with more than 20%, there was 
a highly significant improvement after treatment 
(Table 2). The density of deposits was reduced in 31 
(4996), the same in 26 (4196), and worse in six (1096). 
Dividing the patients into two groups again, one with 
density of lipid of 3 units or more and the other 2 units 
or less, showed a significant reduction in density after 
treatment, particularly in the second group (Table 3). 
There was improvement in both extent and density in 
23 cases (3696) (Figs. 1, 2, 3). Snellen visual acuity 
was improved in 30 cases (4896), unchanged in 19 
(3096), and worse in 14 (2296). However if the 
patients were divided into two groups, one with 
vision of 6/18 or worse and the other with 6/12 or 
better, there was a small but non-significant improve- 
ment in both groups (Table 4). Combined improve- 
ment in all three aspects occurred in 14 cases (2296) 
apart from those cases that were grafted (Fig. 4). We 
compared the number of burns per degree of vascu- 
larity and per mor of corneal opacity, but there were 
no enough cases in the former measurement to give a 
significant result, and the latter was equivocal 
(Table 5). 

Six grafts were carried out after treatment by laser, 
four of which were elective and two carried out 
urgently because of descemetocele formation. Two 
of these six required regrafting, one because of poor 


Table3 Effect of treatment on the density of opacines 





3 Units or more 2 Units or below 
Before treatment 35 eg 28 (44%) 
After treatment 22 (35% 41 (65%) 


2=4-61. p<0-05, significant. 


Table4 Effect of laser treatment on visual acuity 





6/18 or worse 6/12 or better 
Before treatment 42 (66%) 21 (34%) 
After treatment 34 (34%) 29 (46%) 
X71 66. p Non-ngnificant 
Table5 Effect of intensity of treatment 
Number of burns per mm? Beter Worse 
of opaque comes 
Below 75/mm? 47 (15%) 16 (25%) 
Above 75% mm 37 (58%) 26 (42%) 


= 1 56. p about 6 1 If] in 10 is the criterron of significance, this s 
significant. 
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Fig. 1A Herpes simplex disciform scarring 


donor endothelium and the other because of recur- 
rence of herpes simplex keratitis spreading into the 
donor cornea. All were clear after a minimum follow- 
up of 36 months. 

The most spectacular result was in a woman with 
an old herpes simplex diffuse interstitial keratitis, 
vision of hand movements, lipid density three, 
extending over the entire cornea, vascularity four 
with multiple stems. She received 13000 burns in 18 
treatment sessions over five years. Now eight years 
later her visual acuity is 6/36, lipid density is 1, extent 
0-3, and the great majority of the vessels have been 
closed (Fig. 3). It is interesting that despite extensive 
iris atrophy there is no sign of lens opacities or retinal 
damage. 

It was possible to close all the blood vessels at the 
end of a treatment session. However, in cases of very 
vascular keratopathy there was a tendency for some 
vascular channels to reopen soon afterwards, but 
eventually, after repeated treatment, all but some 
very small vessels with very slow flow were success- 
fully closed. 

The commonest 


immediate complication is 
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Fig. 2A Old bacterial keratitis with eccentric disciform 


scar 
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Fig. IB 


Same case two years after treatment. 


haemorrhage around the treated vessels, which 
rarely spreads widely between corneal lamellae. 
However, this is a temporary phenomenon and, 
though a little disturbing to the patient, always 
resorbs. Less commonly there is temporary peaking 
of the pupil in the sector underlying that treated with 
the laser. Patients who had multiple laser treatments 
all developed some degree of iris atrophy underlying 
the treatment zone. There was occasional reactiva- 
tion of keratitis, but all except one responded well to 
increasing topical steroids (with antiviral cover when 
appropriate). The exception was a patient who did 
not take his drops and failed to attend follow-up for 
over a month, in whom a marked stromal swelling 
with cellular infiltration and increase in opacity 
resulted. Two cases of dense disciform lipid deposits 
developed rapid central stromal thinning within one 
month of treatment, culminating in the development 
of descemetoceles at four and six months respect- 
ively. Both received grafts shortly afterwards and 
have remained clear over a follow-up period exceed- 
ing two years. All cases of disciform keratopathy that 
responded successfully to treatment showed some 





Same case three years after treatment. 


Fig. 2B 
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Fig.3A Old diffuse scarring from herpes simplex. 


degree of stromal thinning. Two patients developed 
open-angle glaucoma and appreciable field loss due 
to a combination of chronic keratouveitis and topical 
steroids. I am not aware of any lens or retinal damage 
as a result of the therapy. 

Fourteen randomly selected patients had their 
fasting blood lipid profile assayed. Nine of these were 
normal, four had hyperlipoproteinaemia (two 
Fredrickson's type 2A and 2 Fredrickson's type 2B). 


Discussion 


The results of argon laser treatment of lipid kerato- 
pathy are encouraging, but clearing of the lipid is 
slow and may take several years to be apparent. Even 
though Snellen tested visual acuity improved in only 
30 cases, many other patients noted an improvement 
in photophobia and quality of sight. It is important to 
stress that the usual natural history of a vascularised 
lipid keratopathy is to advance with deterioration of 
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Fig.4 The effect of laser treatment on visual acuity 
(expressed as those cases better than 6/18), lipid density 
(those cases less than 3), and extent (those cases less than 20% 
of the cornea) 
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Fig.3B Same case four years later after 13000 burns 


vision, so that arresting the condition is a significant 
achievement. The results of grafting treated cases 
were excellent, and a number of other successful 
cases were not included in this series because of 
inadequate personal follow-up. It seemed best to 
arrange for laser treatment three days prior to 
grafting under topical steroid cover, which rendered 
the cornea avascular at surgery and precluded 
descemetocele formation. 

Patients on the whole tolerated the treatment very 
well. The Abraham lens not only made the applica- 
tion of the burns more accurate but also kept the eye 
steady. The main complaint from patients was that 
the laser beam dazzled their other eye (it was worth 
covering it with the operator's hand during firing). 
It should be admitted that prolonged treatment 
sessions were also uncomfortable for the surgeon and 
that on the rare occasions when fluorescein angio- 
graphy had been carried out just previously the 
dazzle was even more bothersome. The importance 
of using the postoperative drops was stressed to the 
patients, and regular applanation was important. 

The video corneal angiograms proved very useful 
for identifying feeder vessels and flow. They also 
clearly showed that many of the eccentric disciform 
keratopathies and all the marginal and half of the 
idiopathic deep keratopathies had marked ischaemic 
changes in neighbouring episclera. The first two types 
were usually caused by herpes zoster and probably at 
the time of the preceding acute keratitis had an 
ischaemic episcleritis. 

The mechanism of lipid clearance is uncertain but 
is probably due to ingestion by macrophages wander- 
ing between corneal lamellae which then migrate to 
the limbus, whence they gain access to lymph and 
blood vessels. Successful closure of vessels will 
obviously prevent further deposition of lipid. 
Another factor is the obvious disruption in the 
corneal tissues caused by the laser burns, which may 
facilitate diffusion of lipid away from the kerato- 
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pathy. As expected, fibrous scarring of the corneal 
stroma did not clear. Thinning occurred as the lipid 
‘leached out’, implying that the lipid deposits had 


artificially contributed to corneal thickness and in, 


fact revealed how much corneal stroma had been 
destroyed by the pre-existing keratitis. 

Prevention of the lipid keratopathy is an important 
element in any discussion on treatment. Probably all 
patients should have their fasting blood lipid profile 
assessed and any lipid abnormality appropriately 
corrected. (Although no data are available on the 
effect of hyperlipidaemia on the development of 
secondary lipid keratopathy in humans, there is ın 
rabbits.*) More importantly, a vascularising active 
keratitis, particularly due to herpes zoster, should be 
adequately treated with topical steroid to prevent 


excessive scarring. ™? 


I thank my colleagues for referring their patents, Professor R F 
Fasher of the Westera Ophthalmic Hosprtal for hus statistical advice, 
Mim S Ford for bez invaluable help with the photography, and 
Coberent Lasers for helping finance the colour photographs. 
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Intraocular lymphoma: immunological and cytological 


analysis 


DEVRON H CHAR, BRITT-MARIE LJUNG, JEAN DESCHÉNES;,' 


AND THEODORE R MILLER? 


From the 'Ocular Oncology Unit, Department of Ophthalmology, the Francs I Proctor Foundation, and the 
? Department of Pathology, University of California, San Francisco, USA 


SUMMARY We retrospectively reviewed the cytology and immunohistology of vitreous specimens 
from nine patients with intraocular lymphoma (ocular reticulum cell sarcoma). A single vitreous 
biopsy specimen was not always adequate to establish the diagnosis in this condition. Cytological 
evaluation was more accurate than lymphocyte surface marker analysis to differentiate lymphoma 
from uveitis. The immunological features of these tumours indicate a heterogeneous group of 


intraocular lymphomas. 


Ocular reticulum cell sarcoma is a rare lymphoma 
which most commonly involves the uvea, retina, 
vitreous, and central nervous system.’ Patients 
present with painless loss of vision; less commonly 
other eye symptoms, simultaneous eye and brain 
symptoms, or neurological manifestations alone can 
herald disease onset.'* While some patients initially 
present with unilateral eye disease, over 75% of cases 
develop bilateral tumours. Central nervous system 
involvement has been reported in approximately 
75% of cases and is the usual cause of death.!??* 
Approximately 65 cases of ocular reticulum cell 
sarcoma have been reported. Recent data has shown 
that this diagnostic term is a misnomer, but its use is 
ingrained in the ophthalmic literature.’ The initial 
term for this non-Hodgkin’s lymphoma was 
reticulum cell sarcoma.’ Rappaport reclassified these 
large cell tumours as histiocytic lymphomas.” Most 
non-Hodgkin’s lymphomas of the CNS are of B-cell 
derivation."'" A few patients have been reported in 
whom immunological surface marker techniques 
have shown that the vitreous cells consist of B-cell 
and occasionally null cell lymphomas."" These 
malignant cells are probably derived from lympho- 
cytes or their progenitors and not histiocytic cells. 
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Most investigators classify these tumours as diffuse 
large cell lymphomas, which are quite hetero- 
geneous.“ 

The correct diagnosis of intraocular lymphoma is 
often not established until late in the disease course. 
Most patients are initially misdiagnosed as having an 
idiopathic diffuse uveitis, posterior uveitis, or vitritis. 
Even when there are yellowish white chorioretinal 
lesions and vitritis, an almost pathognomonic presen- 
tation, diagnosis is usually delayed. 

The sensitivity and specificity of diagnostic tests in 
the evaluation of these patients is unclear. Cyto- 
logical evaluation has been the benchmark for diag- 
nosis. Since these tumours may be monoclonal, some 
investigators have suggested that immunological 
marker studies might improve diagnostic accuracy. 
We have retrospectively analysed nine cases in which 
cytological and immunological data were available to 
determine the accuracy of these techniques. 


Materials and methods 


All patients were referred to the University of 
California, San Francisco, evaluated by one of 
us (DHC), and the diagnosis of an intraocular 
lymphoma was made. A complete physical exami- 
nation, bone marrow biopsies, body and brain 
computed tomographic (CT) scans with contrast, 
complete blood counts, cerebrospinal fluid cytology, 
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and vitreous aspiration for immunological and cyto- 
logical evaluation were performed on all patients. In 
those patients with minimal vitreous involvement 
and good vision a pars plana aspirate with a 20 gauge 
needle was used to obtain a vitreous specimen. (Two 
cases, 1 and 2, both later had core vitrectomies.) 
Patients with more extensive involvement had an 
initial core vitrectomy performed. In the latter group 
of patients an infusion port was sutured in place, and 
a 20 gauge needle was used to make incisions for a 
light pipe and a vitrectomy instrument. Prior to 
placing the vitrectomy instrument in the eye, 
approximately 1 ml of liquid vitreous was aspirated 
with a 20 gauge blunt needle. No complications were 
noted as a result of this aspirate. The specimen was 
divided in two parts and taken from the operating 
room to the laboratory for immediate cytological and 
immunological analysis. In three cases a separate, 
sccond sample was simultaneously analysed; this was 
obtained through the vitrectomy instrument and 
harvested from the balanced salt solution plus- 
specimen reservoir. 

The processing of specimens for cytological 
analysis was performed in a standard manner." * The 
specimen was processed through a 5 um Millipore 
filter under negative pressure. It was then fixed in 
95% ethanol overnight, and stained using a modified 
Papanicolaou technique. Cytological features were 
independently analysed in a masked manner by two 
cytopathologists. Parameters studied included over- 
all cellularity, cell size, presence of necrotic debris, 
polymorphonuclear leucocytes, mitotic figures, 
nucleoli, the degree of nuclear membrane and 
chromatin irregularity, and the proportion of 
abnormal cells. 

The processing of specimens for immunological 


Table 1 Clinical and CT data 
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study has previously been described " Briefly, 
vitreous lymphocytes were analysed on a fluores- 
cence activated cell sorter (FACS IV, Becton 
Dickinson Co., Sunnyvale, CA) Peripheral blood 
lymphocytes were purified by Ficoll-hypaque 
gradient centrifugation Vitreous samples were 
filtered through nylon mesh before analysis. 
Samples of vitreous, and blood lymphocytes were 
distributed in seven bovine serum albumin coated 
Eppendorf microtubes (Beckman Instruments, Inc., 
Irvine, CA). Cells were washed, labelled, and fixed 
as previously described ? Analysis was per- 
formed with a dual channel, two colour FACS IV. 
Fluorescein isothyocyanate or phycoerythrin con- 
jugated monoclonal antibodies (a gift from Becton- 
Dickinson) were used. Antibodies were selected to 
react with T cytotoxic/suppressor cells (Leu 2a), T 
helper/inducer cells (Leu 3a), total T cells (Leu 4), 
total B cells (Leu 16), T suppressor cells, large 
granular lymphocytes, and natural killer cells (Leu 
11), and activated T cells (DR and IL-2). Not all 
antibodies were used in all cases, and in three 
patients studied more than four years ago the analysis 
was performed with fluorescence microscopy for 
surface immunoglobulin, kappa and lambda light 
chains to delineate B-cells, and sheep red cell rosette 
formation to assess the number of T-cells. 


Results 


Nine patients with intraocular lymphoma for whom 
both immunological and cytological data was avail- 
able were included in this study. The clinical and 
computed tomographic data are summarised in Table 
1. The age range was from 35 to 82 with a mean of 
60-6 years. Four patients (cases 1, 3, 6, 8) had 


Case Ageirece Interval Vitreous 


AC cells CNS symptoms CT scan Chonoreunal lestons 
sex SX/DX cells 
(months) 

1  7TMWM. 3 OS 2+ 0 Confusion, ataxia poor Density R Chonoretmal lemons discrete with 

memory lateral detachment and retinal 
ventnce 

2 TNWF 4 OD 2+,0S3+ 0 None Negative Exudative detachment 

3 g/WF 0 OD2-,OS rare OD 1, OS 1+ Atypscal Parkimsonmm Negative Negative 
(1983) 

4 7TYWF 3 OD 2+,OS4+ 0 None Negative Negative 

5. SI/WM 1 OD 3+,084+ 0 None Negative Ducrete chorosdal infiltrate 

6 35/WF 4 OS 4+ OS 4+ Severe Negative Unable to visuahse fundus 
penpheral neuropathy 

7 SYWM 1 OD34 OD 2+ None Orbit only Retinal and choroidal infiltrates 

8 QWM 7 OU 3+ OD 1+ Weakness in shoulders Frontal lobe Rotna! and choroidal infiltrates 

9. 49WM 0 OD3+,0S4+ OSl+rare None Linternal Retinal and choroidal infiltrates 

OD capsule 


OD right eye, OS=left eye, OU »both eyes 2-4- —10—20 cells, 3+ =20-30 celis, 4-- too numerous to count. 
W=White SX/DX = Onset of symptoms to start of treatment. ACeantenior chamber 
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symptoms of the central nervous system prior to the 
discovery of ocular disease; one of these patients had 
the diagnosis of a cerebral lymphoma confirmed 
before the development of ocular disease. The 
interval between first ocular or nervous system symp- 
toms and eye diagnosis was 0) to 27 months. Brain CT 
with contrast using second through fourth generation 
scanners showed brain lesions in three cases; two 
patients had magnetic resonance image scans which 
mirrored the pathology noted on CT brain scan. 

Ocular examination showed vitreous cells in all 
patients at the time of diagnosis. Four patients 
had minimal or absent anterior chamber cells. 
Chorioretinal lesions were noted in five cases, and 
one patient's media opacities were too dense to 
ascertain fundus detail. The retinal and choroidal 
lesions were sometimes discrete, with areas of retinal 
pigmentary hyperplasia, and were occasionally 
diffuse and creamy in nature (Fig. 1). Exudative 
retinal detachment and intraretinal haemorrhage 
were noted along with discrete chorioretinal lesions 
in one patient. 

Follow-up and treatment data are summarised in 
Table 2. The follow-up in these patients ranged from 
two months to nine years (mean 3-2 years, median 11 
months). Six patients received eye and brain radia- 
tion. Five received intrathecal chemotherapy. Three 
patients received only ocular and brain radiation. 
Two patients died; one death occurred during treat- 
ment and one 31 months later. 

In all cases the two cytopathologists independently 
agreed on the diagnosis of intraocular lymphoma. On 
examination of the vitreous biopsy slides four cyto- 
logical features were characteristic and necessary to 
establish the diagnosis of intraocular lymphoma: 
irregular nuclear contours, lobation of nuclei, coarse 
irregular chromatin, and presence of nucleoli (Fig.. 








Fig. 1 


Clinical photograph of intraocular lymphoma with 
chorioretinal infiltrates 
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Table 2 


Treatment and survival data 





Treatment Survival Time from 
diagnosis to last 


follow-up (months) 





| Radiotherapy eye and brain. Died Dead | 
before end of therapy 


2 Radiotherapy eyes and brain. Alive 5 
Intrathecal chemotherapy 
3 Radiotherapy eyes only Alive 6 
4 Radiotherapy eyes and brain Alive 13 
5 Radiotherapy eyes and brain Alive 29 
6 Radiotherapy (30 Gy) eyes and Alive 14 
brain. Intrathecal mtx 
7 Radiotherapy (50 Gy), evesonly Alive 95 
8 Radiotherapy (40 Gy), eyesand Dead 31 
brain, Intrathecal and systemic 
chemotherapy 
9 Radiotherapy (45 Gy). evesonly. Alive 102 


Intrathecal and systemic 
chemotherapy 





mtx = Methotrexate. 


2). Mitoses were occasionally observed in intraocular 
lymphoma specimens, and necrotic material was 
sometimes present (Fig. 3). When inflammatory cells 
were present in intraocular lymphoma specimens, 
they were not numerous. 

In two patients with symmetrical disease, the 
diagnosis could not be made either prospectively or 
retrospectively on the initial vitreous biopsy. In one 
of these cases two separate biopsies were performed 
on the first eye (an initial diagnostic procedure 
followed several months later by a therapeutic 
vitrectomy), with only inflammatory cells noted on 
both occasions. The immunopathological pattern 
was polyclonal in both biopsies. A third vitreous 
biopsy at a later date established the diagnosis; 
retrospective analysis of the two earlier specimens 
was negative for malignancy. In the second case, 





Fig.2 Vitreous sample from case 8 showing prominent 
nucleoli, coarse chromatin, and irregular nuclear 
membranes including focal lobation 
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Fig.3 Vitreous sample from case 2 showing high cellularity 
and focal necrotic debris intermingled in a cluster of 
lymphoma cells. 


because of strong clinical suspicion and an equivocal 
cerebrospinal fluid cytology, the contralateral 
vitreous was removed one week later and a cyto- 
logical diagnosis of intraocular lymphoma was 
established. 

A number of independent cytological parameters 
were assessed in a masked manner. In most of them 
the agreement between the two cytopathologists was 
quite good. As an example, the R value for the 
assessment of general cellular background was 0-936. 
Similarly, agreement between the two observers was 
excellent in delineating the number of mitotic figures, 
irregularity of nuclear contour, and chromatin 
pattern. The estimation of percentage of abnormal 
cells and number of polymorphonuclear cells showed 
less agreement among the two readers, with R values 


Fig.4 Vitreous specimen obtained 
directly with 20 gauge needle and 
syringe. 
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ranging between 0-1 to 0-4. These latter two para- 
meters tend to be focal cytological findings, and 
discrepancies between independent observers might 
be due to review of different areas of the slides. 
Fortunately, neither percentage of abnormal cells 
nor the number of polymorphonuclear cells are used 
to establish the cytological diagnosis of intraocular 
lymphoma. In no case was there disagreement on the 
diagnosis of lymphoma. 

In three cases we compared vitreous cytological 
detail in specimens removed directly from the eye 
with a 20 gauge needle versus material taken through 
the vitrectomy unit and obtained from the aspiration 
reservoir. Figs. 4 and 5 demonstrate the loss of 
cellular detail which occurred when the specimen was 
obtained through vitrectomy instrumentation. The 
relative contribution of the action of the vitrectomy 
instrument versus maintaining the cells for 30-60 
minutes in BSS plus is not clear. 

Immunological assessment of cell type was per- 
formed on multiple specimens from the nine cases 
studied (Table 3). Six specimens were not typeable 
with the reagents used, and defined as null cell 
lymphomas (Table 3). Two specimens were poly- 
clonal, and two consisted of probable T-cell neo- 
plasms. Using these conventional monoclonal anti-T 
cell, anti-B cell, anti-natural killer cell, and anti- 
macrophage antibodies, we could demonstrate prob- 
able monoclonality in only two of nine cases. 


Discussion 
Ocular reticulum cell sarcoma is a lymphoma with an 


unusual predilection for the eye and central nervous 
system.' Unfortunately, because of both its rarity and 
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diagnostic difficulties, its differentiation from uveitis 
is difficult and often delayed. We have retrospect- 
ively reviewed nine cases of intraocular lymphoma in 
which both immunological and cytological analyses 
were performed. Three important conclusions can be 
drawn from this study. First, we have observed that 
cytological evaluation is more accurate than lympho- 
cyte subset analysis in the diagnosis of these cases. 


Table3 /mmunological surface marker studies 


Fig.5 Vitreous specimen from 
same case as Fig. 4 obtained 
through vitrectomy instrument. 
Note loss of cellular detail. 


Secondly, a single vitreous biopsy was not always 
adequate to establish a diagnosis. Thirdly, there 
appeared to be cellular degradation when specimens 
were obtained with vitrectomy and aspiration rather 
than biopsy with a syringe and needle. 

As shown in Table 3, we observed lymphocyte 
heterogeneity on immunological analysis of lympho- 
cyte surface markers in at least six cases. This finding 





Vitreous cytology Intraocular cell typing 
Leu2+ Leu3+ Leud+ Leull+ Leul6+ DR+ IL2* 
1 Lymphoma 1% 2% 2% <1% 1% 1% <1% 
(Null cells) 
2 OS:non-diagnostic 19% 16% 32% 1% 3% 31% 7% 
(Polyclonal) 
OD: lymphoma 1% 2% 2% <1% 1% 1% <1% 
(Null cells) 
3 Lymphoma 41% 3% 36% - 4% - 0 
(Mixed T-cell) 
4 Lymphoma 0 0 0 11% 4% - 0 
(Null cells) 
5 Lymphoma 3% 3% 5% - 7% - 0 
(Null cells) 
6 Lymphoma 10 15 52% - 48% - 0 
(Polyclonal) 
Surface 
T-rosette IgG Lambda Kappa 
7 Lymphoma 90% 0 0 0 
(T-cells) 
8 Lymphoma 0 0 0 0 
(Null cells) 
9 Lymphoma 0 0 0 0 
(Null cells) 





Leu2=T cell (cytotoxic/suppressor subset). Leu3=T cell (helper/inducer subset). Leu4=total T cells. Leul 1=natural killer cells. 
Leul6- B cells. Dr and IL2-—activated cells; partially B-cells. Rosette=sheep rosette for T-cells. Ig, lambda, kappa B cell markers. 
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limits the use of lymphocyte marker analysis as a 
method of diagnosing intraocular lymphoma The 
reasons for the apparent lack of tumour cell mono- 
clonality are not clear. It is possible that a normal 
population of inflammatory cells is admixed with 
the tumour population to produce much of the 
heterogeneity observed "? In previous studies of 
intraocular lymphomas an admixture of benign 
inflammatory cells has been noted? A second 
explanation could be the presence of a biclonal or 
triclonal population of malignant cells.* Recent data 
from other laboratories have demonstrated the 
efficacy of Southern blot analysis in the detection of 
lymphoma cells. That technique, which was not used 
in this study, is a more sensitive means of detecting 
tumour monoclonality even when there is an admix- 
ture of normal cells.2?*7 

The origin and derivation of the cells which pro- 
duce intraocular lymphoma are not clear.’* It is 
apparent from our studies that these celis are derived 
from different lymphocyte populations, often 
admixed with normal inflammatory cells. Some cells 
are not classifiable with the surface antigens we have 
used in this study. Probably these null cells represent 
neoplastic transformation of either lymphocytes or 
other pluripotential cells which have transformed at 
an early stage of differentiation. In this study, with 
the exception of a marginal correlation (p<0-05) 
between the number of B-cells expressing the Leu 16 
marker and abnormal celis counted cytologically, no 
other correlations between immunological para- 
meters and other cytological factors were observed. 

The second major finding in this study was that a 
single vitreous biopsy was not always diagnostic. We 
have examined specimens from other institutions in 
which an inadvertent false negative cytological diag- 
nosis occurred. Similarly, we have examined 
mens from eyes in which we could not establish the 
diagnosis on the basis of cytological evaluation of a 
vitreous biopsy, yet the patient eventually was shown 
to have ocular lymphoma.” In our series two patients 
required bilateral vitrectomies before the diagnosis 
could be established. Vitreous biopsy and analysis of 
the vitrectomy fluid from the clinically more involved 
eye was not diagnostic. 

The third finding that is clinically important is the 
observation that processing vitrectomy material 
directly from a needle aspirate resulted in better 
morphological detail then vitreous cells obtained 
from the suction reservoir of the vitrectomy instru- 
ment. It is uncertain whether the degradation of 
cellular detail was from the irrigation solution or the 
mechanical action of the vitreous cutter, but optimi- 
sation of cell preservation is important to establish 
the correct diagnosis 

Most reports have stressed the almost uniform 
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fatality associated with ocular lymphoma. We have 
previously reported on successful cure of this condi- 
tion when diagnosed and treated wnth aggressive 
radiation and chemotherapy ' It is apparent that even 
with modern diagnostic methods it is difficult to 
diagnose this malignancy correctly. However, with 
the ability to treat and cure many of these patients, 
establishing an early diagnosis is of paramount 
importance. 


Thess work was supported m part by an unrestricted grant from That 
Man May See, by NIH grant EYO3675, NIH grant EY 07504, 
American Cancer Society grant PDT 321, and by an unrestricted 
grant from the Beal Foundation. Dr Deschênes 1s the recipsent of a 
McLaughhn fellowship. 
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Primary myxoid liposarcoma of the orbit 
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SUMMARY Orbital liposarcoma is a rare and usually unsuspected neoplasm. Over a five-year 
period three female patients aged 22, 71, and 77 years presented with primary myxoid liposarcoma 
of the orbit. The management of one patient was complicated by a history of orbital decompression 
for suspected thyroid eye disease. The tumour infiltrates locally beyond a deceptive pseudo- 
capsule, and surgery has to be radical to be effective. 


The orbit is a rare site for primary liposarcoma,' a 
tumour which usually originates in deep connective 
tissue planes and is most common in the thigh and 
retroperitoneum. Only 10 orbital cases have been 
reported in detail so far. Four were fatal and six 
survived to the date of reporting. 

Three patients with differing clinical features of 
myxoid orbital liposarcoma presented to the Orbital 
Clinic at Moorfields Eye Hospital during the last five 
years. Their cases illustrate the difficulties which may 
be experienced in establishing both the diagnosis and 
the optimum treatment of this tumour. The rationale 
for surgical excision is discussed in relation to the 
histological type and the results of studies of systemic 
liposarcoma. 


Patients and methods 


CASE TI 
Two years prior to presentation at this clinic a 22- 
year-old woman developed a painful right proptosis 
of fairly rapid onset. Myxoedema was diagnosed at 
the time, and she was treated with thyroxine and 
systemic steroid for presumed thyroid eye disease. 
There was no further deterioration during treatment. 
Five months later the affected orbit was surgically 
decompressed into the ethmoid and maxillary 
sinuses, and after temporary improvement the right 
eye again became progressively proptosed. 

When she was first seen in this clinic the visual 
acuities were 6/6 in both eyes. The right eye was 15 
mm proptosed and displaced 10 mm downwards and 
4 mm laterally. A firm mass could be palpated in the 
superomedial quadrant of the right orbit. The cranial 
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nerves were intact apart from the finding of numb- 
ness in the medial part of the right upper eyelid. 
There was no Iymphadenopathy. 

High resolution computerised tomography con- 
firmed orbital decompression and showed a large 
heterogeneous mass with areas of negative attenua- 
tion (Fig. 1) in the right orbit. A trans-septal orbital 
biopsy was performed under local anaesthesia. 

Histological examination showed inflammatory 
tissue only. A second biopsy was taken through a 
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Fig. 1 
marked indentation of the ethmoid labyrinth on the affected 
side due to previous surgical decompression with prolapse of 
the tumour (arrows) into the decompression; areas of 
negative attenuation within the tumour mass indicative of the 
lipomatous nature of the tumour; a generalised increase in 
total orbital fat content on the a ffected side 


Axial CT scan in case 1 shows the following features: 


Primary myxoid liposarcoma of the orbit 





wu v4 X. + 
Fig.2 Case 2 at presentation, with a mass visible beneath 
the right lower lid. 


superomedial conjunctival incision under a general 
anaesthetic. The diffuse gelatinous tumour appeared 
to be adherent to and wrapped round the optic nerve 
and medial rectus muscle. 

Initially the histological appearance of a loose, 
myxoid stroma infiltrated by some spindle shaped 
cells, eosinophils and mast cells, was suggestive of 
pseudotumour. However, the stroma contained 
some alcianophilic acid mucopolysaccharide, and 
electron microscopy showed many of the cells to 
contain lipid droplets. After the histological speci- 
mens had been referred to a number of centres a 
diagnosis of myxoid liposarcoma was made. 

A short course of steroid therapy was initially given 
on the basis of the initial diagnosis. Following review 
of the histology radiotherapy in the form of 20-8 Gray 
of cobalt-60 treatment was administered. This was 
followed by craniofacial resection, which included 
the orbit and maxillary and ethmoidal sinuses. The 
patient remained alive and well two years later. 
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CASE2 

A 7l-year-old woman noted increasing painless 
swelling of her right lower eyelid with occasional 
vertical diplopia over a period of 18 months. Her 
general health was excellent. 

The visual acuities were 6/9 in both eyes with full 
fields to confrontation. A smooth, bluish swelling 
was seen below the right lower lid (Fig. 2), and a 
rubbery, non-tender mass measuring 15 by 30 mm 
could be palpated on the right orbital floor. There 
was 3 mm of right proptosis and 2 mm of upward 
displacement of the right globe, with dilated conjunc- 
tival vessels. The ocular movements were full, and 
there was no relative afferent pupillary defect. Both 
optic discs were normal. Radiographs showed no 
abnormality, but computerised tomography revealed 
an indistinct opaque mass on the floor of the right 
orbit. Anterior orbitotomy through the lower eyelid 
revealed an enormous gelatinous mass extending to 
the orbital apex and attached to the inferior oblique 
muscle and optic nerve. Subtotal excision was 
performed. 

Histopathology showed a myxoid liposarcoma 
with delicate vascular channels, characteristic 
lipoblasts, very few mitoses, and some giant and 
pleomorphic cells (Fig. 3). Since the lesion was 
unlikely to be radiosensitive, further resection was 
considered necessary. However, on readmission for 
assessment three months later her symptoms had 
resolved. Retraction of the right upper eyelid had 
developed and was thought to be related to tethering 
of the inferior rectus. Computerised tomography 
showed no evidence of recurrence. Exenteration of 
the right orbit was suggested to the patient as the only 
means of ensuring complete removal of the tumour. 
This treatment was declined but the patient remained 
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Fig.4 Clinical picture of case 3, with swelling above the left 
lateral canthus, i mm of ptosis, conjunctival melanosis, and 
frontalis overaction. 


asymptomatic when last seen in the clinic two years 
later. 


CASE 3 
A 77-year-old woman presented with lateral swelling 
of her right upper eyelid which had gradually 
increased over the previous nine months. Her 
general health was good. 

On examination the visual acuities were 6/9 in the 





stroma, 
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right and 6/4 in the left eye. A smooth, mobile. 
rubbery mass measuring 15 mm by 15 mm could be 
palpated in the superotemporal quadrant of the left 
orbit, but there was no displacement of the globe 
(Fig. 4). A millimetre of left blepharoptosis was 
associated with reduced function of the levator 
palpebrae superioris. Extensive conjunctival 
melanosis was present. Orbital x-rays were normal. 
An anterior trans-septal approach was used to biopsy 
a mass of gelatinous grey material involving the 
lacrimal gland. 

Histological sections showed partial replacement 
of the lacrimal gland by stellate or spindle shaped 
cells and mast cells with a moderate degree of 
vascularity. There were multiple cytoplasmic vesicles 
characteristic of lipoblasts on electron microscopy 
(Fig. 5). 

Computerised tomography failed to show residual 
tumour, but further gelatinous material was excised 
through an anterior approach. Complete removal 
would have required exenteration, but this was not 
considered justifiable because of the patient's age 
and slow tumour growth. Four months later she was 
stable with a left visual acuity of 6/9 and a comfort- 
able eye with a poor tear film. However, two years 
after the initial presentation there was increasing 
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Fig.6 Axial NMR scan of recurrent tumour in case 3, showing a high signal intensity on T° weighted spin echo sequences 
The centre of the tumour is shown much more intensely than surrounding orbital fat. 


discomfort with enlargement of the tumour. Nuclear 
magnetic resonance imaging revealed high signal 
intensity on T^ weighted spin echo sequences (Fig. 6). 
The spin characteristics were not those of a fat 
containing tumour. The centre of the lesion was 
clearly distinguishable, but the margins were difficult 
to distinguish. To prevent further spread of the 
tumour total exenteration of the left orbit was 
performed. Tumour extended to the equator 
inferiorly and was demonstrated in the edge of the 
histological sections. When the patient was last seen 
two months after surgery the socket was healing 
without evidence of further infiltration. 


Discussion 


Orbital liposarcoma is rare and difficult to diagnose 
at presentation because of inconsistent clinical 
features. A review of the literature revealed only 10 
convincing reports of the tumour. Strauss’ described 
a case in the right orbit and Henderson’ described 
two, but neither author specified the type. Quere et 
al: and Citolli cited fatal primary orbital lipo- 
sarcoma in childhood and Mortada reported it in a 
37-year-old man." Only Citolli's case showed round 
cell preponderance. Stout's case’ and another 
reported by Schroeder et al. in 1978* were myxoid. 
Jakobiec and Jones' reported two cases in which 


young women were treated with surgery and 50 Gray 
of radiotherapy; the first received both treatments 
but died six years later of generalised metastases, and 
the second was treated for recurrence; she remained 
well at the time of the report. An anaplastic orbital 
secondary from a well-differentiated abdominal lipo- 
sarcoma has recently been reported." The patient 
was treated by orbital exenteration but died shortly 
after surgery. 

The first case described here presented with rapid 
onset of unilateral proptosis that was initially attri- 
buted to thyroid eye disease. Infiltration of the 
medial rectus muscle was interpreted as muscle 
enlargement at the time of orbital decompression, 
and the surgery facilitated tumour spread through the 
disrupted periosteum into the maxillary and ethmoid 
sinuses. At a later stage computerised tomography 
revealed a large heterogenous mass with areas of 
negative attenuation compatible with fat. The other 
two smaller tumours were not well delineated on CT 
scans. Magnetic resonance imaging was not con- 
sistent with a high fat content in the third case. This is 
consistent with the gelatinous consistency of the 
tumour and remarkable paucity of lipid vacuoles on 
histological sections. In all three cases the diagnosis 
was established only when biopsy of tissue was 
performed. 

At surgery liposarcoma gives a false impression of 
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being well circumscribed or even encapsulated, with 
8 distinct lobulated pattern. The myxoid type appears 
gelatinous, and orange colouring has been reported, 
but the three presented here were grey. Less differ- 
entiated forms are brain-like with haemorrhages and 


cysts. 

Histopathological diagnosis of liposarcoma fre- 
quently proves difficult, as the appearance may be 
confused with that of pseudotumour, lipoma, or 
myxoma. Lipoblasts, which support the diagnosis, 
are not always prominent. Since Virchow" first 
described myxoid liposarcoma 120 years ago, Stout 
and Enterline et al.” have further classified the 
tumour, regarding it as one of the less malignant 
forms of liposarcoma. 

The most recent Armed Forces Institute of 
Pathology (AFIP) classification by Enzinger and 
Weiss" is based on the stage of lipoblast develop- 
ment, manifest by the proportions of cellular lipid 
and mucinous material in the extracellular spaces 
and the overall degree of cellularity and cellular 
pleomorphism. Enzinger and Weiss believe that 


the neoplasm takes its origin from primitive: 


mesenchymal cells rather than mature adipose tissue. 
Myxoid liposarcoma, accounting for 40 to 5096 of 
cases, comprises lipoblasts, including a characteristic 
'signet ring' type, at all stages particularly at the 
tumour margin and a mucopolysaccharide matrix 
with a delicate capillary network. The paucity of 
mitotic figures may contrast with rapid growth. 
Round cell liposarcoma has fewer apparent blood 
vessels and myxoid tissue with aggressive cellular 
proliferation and a tendency to metastasise. Well- 
differentiated liposarcoma usually resembles lipoma, 
though inflammatory cell infiltrates and fibrosis may 
occur. The dedifferentiated type occurs in only 596 of 
cases and metastasises in half of those, frequently 
producing both poorly and well differentiated 
deposits. Pleomorphic liposarcoma may feature 
eosinophilic giant cells similar to those in pleomor- 
phic rhabdomyosarcoma or, less frequently, hap- 
hazardly arranged cells containing varying amounts 
of lipid. 

In his series of liposarcoma of the lower limb and 
retroperitoneum Enterline et al" found the peak 
incidence to be between 40 and 60 years of age with a 
slight preponderance of males and higher proportion 
of myxoid tumours in young people. Enzinger and 
Winslow" noted an increased proportion of well- 
differentiated and pleomorphic forms in older 
people. The 13 primary orbital liposarcomas des- 
cribed to date comprise seven males and six females 
ranging in age from 5 to 77 years, mean 35 years. 
Myxoid tumours were found in six, but the tumour 
type was not related to age Local wide excision of 
liposarcoma occurring elsewhere in the body is 
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advocated by most authors.” Enterline et al? 
reported that myxoid tumours seemed to be the most 
radiosensitive whereas Spittle et al. was impressed 
by the response of poorly differentiated forms. 

Kindblom et al." in a recent large series of systemic 
liposarcomas assessed the results of treatment in 77 
patients; all had been treated by surgical excision of 
liposarcoma, and 27 had also received radiotherapy 
A marked difference was found between the prog- 
nosis for well-differentiated and myxoid types (12/17 
and 12/20 10-year survival respectively) and that for 
round cell and pleomorphic liposarcomas (1/13 and 
0/21 10-year survival respectively). Tumour site, size, 
and completeness of excision had the greatest effect 
on prognosis, but radiotherapy did not significantly 
affect it. 

Trials of chemotherapy have been discouraging. 
Spittle et al.“ reported one anecdotal case of 
pleomorphic liposarcoma with pulmonary meta- 
stases which responded to chemotherapy. Gottlieb et 
al." achieved complete remission in three out 
of seven cases of liposarcoma treated with both 
adriamycin and dimethyl — triazenoimidazole 
carboxamide. Cytotoxic treatment is unlikely to 
influence myxoid liposarcoma because it has a slow 
rate of spread. 


CONCLUSIONS 

Orbital liposarcoma is a rare tumour which presents 
difficulties with clinical and histopathological diag- 
nosis. The paucity of data on treatment for a 
neoplasm that is surprisingly aggressive leaves the 
clinician with a therapeutic dilemma. The manage- 
ment decision should be clarified by careful determi- 
nation of the histological subtype, which is of the 
utmost importance in predicting the prognosis. 

The aggressive pleomorphic and round cell types 
require radical surgery in all cases. In our opinion the 
commoner myxoid types necessitate exenteration or 
midfacial resection as a life-saving procedure in a 
young person. In elderly patients there may be a 
satisfactory, though probably temporary, response to 
local resection. Radical surgery should be performed 
if there is continued growth with increasing discom- 
fort. Radiotherapy 1s considered to be relatively 
ineffective in the treatment of this tumour." 


We are grateful to Dr G A S Lloyd for providing and interpreting the 
CT scan in case 1 and to the Department of Medical Ilustration for 
the clinical pictures. 
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Bilaterality of tears of the retinal pigment epithelium 


ELAINE L CHUANG* AND ALAN C BIRD 
From the Department of Clinical Ophthalmology, Institute of Ophthalmology, 


Moorfields Eye Hospital, London 


SUMMARY Eyes with tears of detached retinal pigment epithelium have been studied for up to 10 
years following the acute event. In a retrospective study it has been determined that such a lesion 
in one eye implies a high risk of a similar event occurring in the fellow eye. Patients with loss of 
vision in their second eye as a result of a pigment epithelial tear were also studied; in 10 of 22 
patients a similar lesion could be identified in the first eye. These observations suggest that these 
patients have specific changes at the level of Bruch's membrane which predispose to this particular 


manifestation of age related macular disease. 


Since they were first described in 1981! rips or tears of 
the retinal pigment epithelium have been recognised 
increasingly as a cause of severe central visual loss in 
age related macular degeneration.“ 

With continuing review of patients suffering an 
acute pigment epithelial tear in one eye we have 
observed or suspected this complication in fellow 
eyes frequently. Therefore we have sought to deter- 
mine whether or not tears occur bilaterally more 
commonly than would be expected by chance alone. 

Such a retrospective study requires that tears 
remain recognisable for some time after the acute 
event. In a previous study of 63 eyes it has been 


shown that these lesions undergo gradual modifica- . 


ton over months to years." The bed of the tear 
becomes replaced by a pale fibrous plaque or by 
pigment epithelium over a period of a few weeks. 
This is followed by progressive scarring and retinal 
pigment epithelial hyperplasia which gradually 
obscure the ophthalmoscopic features by which the 
original nature of the lesion can be recognised. More 
rapid modification of the appearance of the lesion 
occurs in the presence of choroidal neovascularisa- 
tion, either preceding or following a rip, and of 
significant subretinal blood. From this review it was 
established that a lesion can be identified reliably as a 
tear of the pigment epithelium in 94% of cases after 
one year, 77% at two years, but in none after six 
years. 

*Curreat address. Bascom Palmer Eye Institute, Mam, Florida 
33101, USA 


Correspondence to Dr A C Bird, Professonal Unit, Moorfields Eye 
Hosprtal, City Road, London ECIV 2PD. 


Patients and methods 


A review of clinical and photographic records from 
the Retinal Diagnostic Department of Moorfields 
Eye Hospital between 1976 and 1986 was carried out 
to identify patients in whom the diagnosis of a 
pigment epithelial tear was made in at least one eye 
Diagnostic features of acute lesions were: (1) sharply 
defined pigment epithelial discontinuity; (2) an ex- 
posed area of Bruch’s membrane and choroid 
denuded of overlying RPE (the ‘bed’ of the tear); 
(3) an elevated mound of pigment epithelial tissue 
adjacent to the bed; and (4) corresponding, sharply 
demarcated hypo- and hyperfluorescence on fluores- 
cein angiography. More chronic lesions were recog- 
nised by characteristics established in the study of 
repair after acute tears.“ Excluded from the study 
were patients aged less than 55 years as well as those 
with inadequate photographic or clinical documenta- 
tion. 

Seventy-three individuals were diagnosed as 
having a pigment epithelial tear in at least one eye; 41 
were females aged 56 to 84 years (mean 70-6 years), 
and 32 males aged 55 to 82 years (mean 71 years). 
Photographic, angiographic, and clinical data were 
evaluated on all 73 patients. Eleven were excluded 
because of opaque media in one eye, the application 
of laser photocoagulation to a pigment epithelial 
detachment, or inadequate documentation. The 
length of review ranged from one to 126 months. In 
1986 all subjects were invited for further examination 
in order to provide as long a period of review as 
possible. 
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Bilaterality of tears of the retinal pigment epithelium 


Results 

Forty-five of the 62 patients had bilateral visual loss 
either at presentation or lost vision in the second eye 
during the review period (Table 1). 

Of the 40 patients who were seen initially with a 
pigment epithelial tear in one eye and contralateral 
good vision 23 lost vision in the second eye during the 
period of review, 14 from a tear of the pigment 
epithelium, four from primary neovascular disciform 
lesions, two from undetermined cause, one from 


Tablel Cause of visual loss in the contralateral eye in those 


patients with bilateral visual loss 

Visual loss 
at presentation Tomi Teer NV = Other Uncertain 
First eye B 4 4 3 2 
Second eye 2 10 4 0 8 


NV subretinal neovascular lesion 


geographic atrophy, and two from long-standing 
pigment epithelial detachment. The remainder re- 
tained useful vision in the contralateral eye. All had 
drusen, and some had atrophy or detachment of the 
pigment epithelium at the most recent review. 

At presentation 22 patients had prior loss of central 
vision in the first eye at the time of diagnosis of a tear 
in the second. The nature of the lesion in the first eye 
was sought. A pigment epithelial tear could be 
diagnosed with assurance on the basis of clinical 
appearance and angiography in 10. Choroidal neo- 
vascularisation was evident as the primary event in 
four eyes. In the remaining eight, many of whom 
were seen three years or more after loss of vision, it 
was not possible to distinguish between a pigment 
epithelial tear and a primary neovascular disciform 
lesion in the eye with prior visual loss. 


Discussion 


This study implies that pigment epithelial tears occur 
frequently in both eyes; of the 45 patients with 
bilateral visual loss 24 had evidence of a tear 1n each 
eye True bilaterality may be somewhat higher, since 
in eight patients one eye was examined late in the 
evolution of the lesion, at a time when a tear would 
no longer be identifiable. This can be compared with 
an estimated 1% risk of loss of vision in both eyes due 
to a tear if bilateral involvement were due to chance 
alone In a hospital based population survey it was 
found that pigment epithelial detachments com- 
prised approximately 1096 of exudative macular 
lesions 1n age related macular disease,* and in a 
natural history study 10% pigment epithelial detach- 
ments sustained a tear." 
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The high prevalence of bilaterality of pigment 
epithelial nps suggests that these patients may have 
particular attributes of age related change at the level 
of Bruch's membrane which lead to this complication. 
That the specific changes required to produce this 
complication might affect both eyes similarly would 
be expected given the demonstrated symmetry of 
drusen as a clinical manifestation of age related 
macular disease "'* 

The hypothesis that these patients have Bruch's 
membrane changes which differ from those which 
precipitate other complications of age related 
disease" now appears to be testable This could be 
achieved by documenting the fundus changes in the 
fellow eyes of those with a retinal pigment epithelial 
tear, since this study shows that these eyes have a 
high risk of suffering a similar fate. 


This study was supported in part by Medical Research Council grant 
number G.8320019 N 
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High incidence of corneal epithelium antibodies in 
Fuchs' heterochromic cyclitis 


E LA HEY, G S BAARSMA, A ROTHOVA, L BROERSMA, 


R VAN DER GAAG, and A KIJLSTRA 


From the Netherlands Ophthalrnc Research Institute, Amsterdam 


SUMMARY Sera obtained from 26 patients with Fuchs' heterochromic cyclitis were examined for 
the presence of autoantibodies directed against the anterior segment of the eye by means of 
immunofluorescence techniques. Antibodies against human iris tissue could not be detected, 
whereas autoantibodies against corneal epithelium were found in almost 9096 of cases. This is the 
first report describing the presence of autoantibodies in patients with Fuchs' heterochromic cyclitis 
and it provides a further clue that immunological mechanisms might play an important role in the 


aetiology of Fuchs' heterochromic cyclitis. 


Fuchs’ heterochromic cyclitis is a relatively rare 
condition. According to Dernouchamps! it accounts 
for approximately 396 of all cases of uveitis. In 9096 
of the patients only one eye is affected. 

The diagnosis is sometimes difficult, especially in 
the early stages of the disease. According to Fuchs? 
the essential features are a low grade cyclitis, includ- 
ing a variable degree of iris stroma atrophy, starting 
in the pupillary margin and causing depigmentation 
of the stroma. In later stages the iris pigment 
epithelium also becomes affected. Further clinical 
findings are the absence of synechiae and the 
presence of scattered, small, translucent keratic 
precipitates. Most of the patients visit the ophthal- 
mologist with complaints of reduced vision which are 
caused by cataract formation or vitreous opacities. 

The major causes of visual loss in heterochromic 
cyclitis are cataract and progressive glaucoma. 
Because glaucoma is a rare complication (15% of 
cases), and cataract extraction results in the restora- 
tion of clear vision, the prognosis may be good.‘ 

Various theories have been proposed to explain 
the aetiology of Fuchs’ heterochromic cyclitis. 
Electron microscopic studies of iris biopsies from 
patients with the disease reveal a decreased number 
of melanocytes with relatively few, small melanin 
granules.’ Earlier EM studies* and light microscopic 
studies’ showed the presence of plasma cells and 
lymphocytes in the irides of these patients. The 
Correspondence to Dr A Kylstra, Department of Ophthalmo- 
Immunology, PO Box 12141, 1100 AC Amsterdam, The 
Netherlands. 


keratic precipitates, which are so typical of this 
disease, have been shown to represent an accumula- 
tion of lymphocytes.* Analysis of the aqueous 
humour from patients with this disease showed 
intraocular production of immunoglobulins; further- 
more rheumatoid factor (RF) and immune-complex- 
like material could be detected.’ These observations 
strongly suggest involvement of an immunological 
process in the pathogenesis of the disease. 

To investigate the role of the immune system in this 
disease we examined the incidence of autoantibodies 
directed against the anterior segment of the eye. No 
antibodies could be detected against iris or ciliary 
body, but surprisingly a high percentage of patients 
(8896) had antibodies against corneal antigens. 


Materials and methods 


Sera were obtained from 26 patients with Fuchs' 
heterochromic cyclitis (13 males and 13 females, 
average age 37 years) visiting the eye clinics of the 
universities of Amsterdam and Rotterdam. The 
diagnosis was made when a patient presented with a 
low-grade uveitis characterised by the absence of 
synechiae, and more or less iris (stroma) atrophy with 
or without heterochromia, the typical keratic pre- 
cipitates and often cataract. Thirty sera were also 
obtained from sex and age matched (healthy) persons 
without a history of ocular inflammation. 

Sera were tested for the presence of iris, ciliary 
body, or cornea antibodies by an indirect immuno- 
fluorescence technique. Human irides, collected 
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from donor eves (from which the corneas were used 
for transplantation) and rabbit corneas were snap 
frozen in liquid nitrogen. Sections (8 um) were cut in 
à cryostat, air dried on to glass slides previously 


Fig. 1A 


Fig. | A: Immunofluorescence test showing antibodies in 
the serum of a patient with Fuchs’ heterochromic cyclitis 
reacting with corneal epithelium. B: Positive serum of a 
healthy control. C: Negative serum of a healthy control. 
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coated with gelatin (1%) plus potassium-chromium 
(III) sulphate (0-125) and fixed in acetone for 10 
minutes. After being washed with phosphate 
buffered saline (PBS) the sections were incubated 





Fig.1B 





Fig. 1C 


High incidence of corneal epithelium antibodies in Fuchs’ 


Table 1 Antibodies to corneal epithelium in Fuchs’ 
heterochromic cvclitis as tested by immunofluorescence 
MAM—M——————— HP €— 


Immunofluorescence 'ercentage 





score* positive 
++ + " 
Fuchs’ patients (n— 26) I8 5 3 NN 
Healthy controls (n 30) l 0 29 3 





*Tissue sections showing corneal epithelium antibodies after 
incubation with patient sera were scored by the following 
classification: strongly positive ++, positive +, negative The 
numbers indicate the number of patients 


with a 1/10 dilution of patient or control serum in PBS 
for 30 minutes at room temperature. Subsequently 
the slides were washed three times for 10 minutes 
with PBS and incubated for 30 minutes in the dark 
at room temperature with a polyclonal, FITC 
conjugated goat antihuman immunoglobulin 
(GAHulg-FITC, Nordic, The Netherlands) or a 
monoclonal, FITC conjugated mouse antihuman 
IgG (MoAHulgG-FITC, CLB, The Netherlands) 
(both diluted 1/40 in PBS). The slides were washed 
thoroughly and embedded in a solution of glycerin 
and PBS (1:1). 

Human sera containing antinuclear antibodies 
were used as positive controls. Tissue sections 
incubated with PBS instead of human sera served as 
negative controls. 

The slides were scored in a masked fashion by two 
different investigators, unaware whether patient or 
control sera were being used, with a Leitz fluoresc- 
ence microscope using the following classification: 
strongly positive: ++, positive: +, negative: —. 
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Results 


In the majority of patients with Fuchs’ disease (88% ; 
23 out of 26) antibodies directed against corneal 
epithelium could be detected by the immunofluoresc- 
ence test (IFT), whereas only one control person out 
of 30 had corneal antibodies (3%) (Table 1). The 
immunofluorescence pattern of this control person 
showed only cytoplasmic staining, while all the 
Fuchs’ disease sera showed both cytoplasmic and 
membrane staining (Fig. 1). 

Titration of the patients sera by a strong positive 
immunofluorescence test showed that corneal 
epithelium antibodies could still be detected up to a 
1/40 serum dilution. 

Some sera from patients with Fuchs’ disease were 
also tested with a human cornea and a mouse cornea. 
These experiments showed similar results as those 
seen with rabbit corneas and are in agreement with 
earlier findings showing a large degree of cross 
reactivity between corneal antigens of different 
species." 

With the immunofluorescence test no antibodies 
could be detected in patients with Fuchs' disease (all 
26 sera were tested) against normal human iris tissue. 
Positive control sera containing antinuclear anti- 
bodies showed a strong nuclear fluorescence staining 
in the iris. The detection of antibodies against human 
ciliary body was hindered by the fact that there was 
a strong background staining of endogenous 
immunoglobulins near the basement membrane and 
to a lesser degree also in the stroma (Fig. 2). This 
was apparent in control experiments whereby the 
tissue was incubated with phosphate buffered 
saline instead of human serum and subsequently 


Fig.2 Incubation of normal 
human ciliary body with phosphate 
buffered saline followed by staining 
with fluorescein labelled goat 
antihuman immunoglobulins. Note 
strong staining of basement 
membrane. 
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stained with fluorescein labelled goat antihuman 
immunoglobulins or a monoclonal antihuman 
immunoglobulin. 

Discussion 

Our results show a high incidence of corneal 
epithelium antibodies in the circulation of patients 
with Fuchs' heterochromic cyclitis. 

Although the presence of circulating corneal 
epithelium antibodies has also been reported in other 
forms of uveitis, the incidence seen in patients with 
Fuchs' disease (8896 positive) is much higher than that 
reported in other groups." ? The incidence is 42% in 
anterior uveitis and 3096 in posterior uveitis. The 
frequency of corneal epithelium antibodies in healthy 
controls was 396 in this study and is similar to that 
reported earlier. Other recent investigations? into 
the presence of serum autoantibodies (which com- 
prised smooth muscle, nuclear material, gastric 
parietal cell, reticulin, and mitochondria) in uveitis 
showed no difference between controls and patients 
with Fuchs’ heterochromic  cyclitis. Corneal 
epithelium antibodies are thus the first autoanti- 
bodies found in almost all patients with this disease, 
a finding which to our knowledge has not been 
reported earlier. 

No antibodies could be detected against human 
iris The assay for antibodies against human ciliary 
body was not possible because this tissue already 
contains large deposits of immunoglobulins near the 
basement membrane and stromal regions. These 
findings are in agreement with recent investigations" 
showing that cationic immunoglobulins traverse the 
fenestrated capillaries in the ciliary body and bind to 
anionic sites within this tissue. 

The detection of autoantibodies directed against a 
corneal: layer not involved in Fuchs’ cyclitis may 
appear puzzling at first sight. The corneal epithelium, 
however, contains a number of antigens which are 
shared with the corneal stroma and endothelium.” 
This layer is often involved in Fuchs’ cyclitis, as 
shown by the small keratic precipitates which have 
been identified as accumulations of lymphocytes. 
These lymphocytes may be directed against certain 
antigens expressed or secreted by corneal endothelial 
cells. Furthermore it has been shown that the corneal 
epithelium shares antigens with the iris, ciliary body, 
and lens epithelium.” The fact that autoanti- 
bodies directed against the cornea mainly appear as 
corneal epithelium antibodies when using immuno- 
fluorescence techniques on cornea sections is prob- 
ably due to the higher density of these antigens in the 
corneal epithelium as compared with stroma or 
endothelium. 

It is not yet clear whether the corneal auto- 
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immunity which was apparent in various forms of 
uveitis and especially in Fuchs’ cyclitis is directed 
against the same antigen(s) or whether each entity 
has its own characteristic antigen. Furthermore it has 
not been clarified yet if the autoimmune reactions 
against corneal antigens have a primary role, impli- 
cating Fuchs’ heterochromia as an autoimmune 
disease, or if these immunological reactions are a 
secondary phenomenon due to permeability changes 
in the anterior segment of the eye. The increased 
permeability of vessels in patients with Fuchs' disease 
can lead to a greater accessibility of corneal antigens 
to the immune system, which may result in an 
autoimmune response against these antigens. A 
possible important role of the immune system in 
Fuchs’ heterochromuc cyclitis is already apparent 
from the original description of plasma cells in the 
indes of these patients by Fuchs himself. The 
accumulation of inflammatory cells on the endo- 
thelial side of the cornea is also in agreement with this 
hypothesis. Further evidence comes from studies by 
Dernouchamps,” who revealed the intraocular pro- 
duction of immunoglobulins in these patients. 
Whether the locally produced antibodies are directed 
against corneal antigens remains to be investigated. 
Rheumatoid factor and immune-complex-like 
material have also been observed in the aqueous 
humour of these patients.’ The findings mentioned 
above in combination with our detection of corneal 
autoimmunity in such a high percentage of patients 
support the hypothesis that immunological mecha- 
nisms may play an important part in Fuchs’ hetero- 
chromic cyclitis. 
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Predisposing factors in microbial keratitis: 
the significance of contact lens wear 


JK G DART 
From the Department of Clinical Ophthalmology, Moorfields Eye Hospital, City Road, London ECIV 2PD 


SUMMARY Fifty-three patients consecutively admitted to Moorfields Eye Hospital for treatment of 
suspected microbial keratitis were examined to identify predisposing factors. The principal 
associations were pre-existing corneal disease (22 patients (41:596)) and contact lens wear (22 
patients (41:596)). In 13 cases (25%) contact lens wear was the only factor in patients with 
otherwise healthy eyes using contact lenses as an alternative to spectacles. Gram-negative keratitis 
was more frequent in the lens wearers, with the exception of therapeutic lens users, than in other 
patients (p-0-0006) and Pseudomonas aeruginosa caused keratitis in cosmetic soft lens users more 
frequently (p—0-001). There was no correlation between lens handling or solution contamination 
in three extended wear soft-lens users. This implies that some soft-lens wearers may be infected by 
Gram-negative organisms from environmental sources other than contaminated lens care 
materials. Gram-negative keratitis is strongly associated with contact lens wear, and the diagnosis 


must be considered in any contact lens user with an acutely painful red eye. 


Microbial keratitis remains a serious condition with 
significant morbidity. The predominant causative 
organisms in the UK are aerobic bacteria, but these 
and tbe predisposing factors vary throughout the 
world. Early diagnosis, identification of the respons- 
ible organism, and specific antimicrobial therapy are 
mandatory for effective treatment. This requires a 
high index of suspicion for a microbial cause of 
keratitis and knowledge of the likely causative 
organisms as well as reliable microbiological investi- 
gation and the administration of effective antibiotics 
in adequate dosages.’ 

Until the use of contact lenses became widespread 
as an alternative to spectacles microbial keratitis 
occurred in eyes with existing diseases of the ocular 
surface that predisposed to infection by disrupting 
ocular defence mechanisms, corneal trauma and 
surgery, postherpetic corneal disease, bullous 
keratopathy, corneal anaesthesia, corneal exposure, 
and the dry eye being among the most important.“ 
In the past contact lens wearers have made up only a 
small proportion of patients with this disease.“ 
However since 1977 there have been reports of 
substantia] numbers of cases of bacterial keratitis in 
wearers of soft contact lenses, mainly from the USA. 


Correspondence to J K G Dart, FRCS 


The proportion of microbial ulcers attributed to lens 
wear has risen to over 3096 in some centres in the 
1980s,“ making lens wear one of the major predis- 
posing factors. This has not been the experience 
everywhere owing to differences in culture, referral 
pattern, case selection,'?* and lens wearing patterns. 
The disease in contact lens wearers is often caused 
by Pseudomonas aeruginosa, a virulent corneal 
pathogen, resulting in severe morbidity. Most 
of these patients have normal eyes and are wearing 
lenses as an alternative to spectacles. Concern 
has been expressed by ophthalmologists’ as well 
as by the lay press in the UK" and the USA? about 
this situation. 

This prospective study was carried out to provide 
an up-to-date analysis of the most important predis- 
posing factors and organisms in microbial keratitis at 
a major centre in the UK and to investigate epide- 
miological factors in the contact lens wearers. 


Patients and methods 


Fifty-three consecutive admissions to Moorfields Eye 
Hospital for microbial keratitis were assessed in a 10- 
month period between 25 February 1985 and 24 
February 1986. Most cases of suspected microbial 
keratitis are admitted for treatment except those with 
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minimal infiltrates not requiring intensive antibiotic 
therapy. These patients either were already being 
treated at Moorfields for other conditions when they 
developed microbial keratitis or presented from the 
area served by the hospital casualty department, with 
the exception of one secondary referral from another 
ophthalmic department. Scrapings from the affected 
area of cornea were taken routinely by the admitting 
surgeon for Gram-stain and culture on solid and in 
liquid media. Identification of the causative organism 
was confirmed by moderate growth of an organism in 
tbe streaks on one solid medium, growth of the same 
organism in more than one medium, or growth in one 
liquid medium that correlated with the Gram stain. 
Cases which did not meet these criteria, but in which 
a bacterial or fungal cause was treated presumptively 
were included, as failure to isolate an organism does 
not rule out a microbial cause?" Patients with a 
presumptive diagnosis of Herpes sumplex virus 
keratitis were included only if a bacterial super- 
infection was suspected. The x? test and two-tailed 
Fisher exact probability test were used to analyse 
proportional data where appropriate. 


Results 


CONDITIONS ASSOCIATED WITH MICROBIAL 
KERATITIS 

These are shown in Table 1. Thirty-one cases were 
unrelated to contact lens wear, and, of these, 22 
patients (41-596 of the total of 53) had pre-existing 
ocular surface disorders, 5 (9-496) had had trauma or 
surgery, and 4 (7-596) were a miscellaneous group 
with other associations. Of the patients in the group 
with ocular surface disorders, previous Herpes 
simplex virus keratitis resulting in secondary 
bacterial or fungal ulcerative keratitis, and bullous 
keratopathy accounted for over half. Several other 
conditions were represented among the remaining 
patients. In the traumatic and surgical group two 
patients developed keratitis following corneal 
abrasions, one following graft surgery, and two as a 
late complication of cataract surgery from abrasions 
due to loose nylon corneal sutures. There were four 
patients in the miscellaneous group, none of whom 
had normal eyes except for one patient with a 
myeloblastic disorder. Contact lenses were being 
worn immediately prior to the onset of keratitis in 22 
patients (41-596), who were using lenses for the 
following reasons: cosmetic (as an alternative to 
spectacles in low hypermetropia and myopia) 10 
(18-996), therapeutic (medically supervised treat- 
ment for ocular surface disorders) 6 (11.396), 
aphakia 3 (5.796), and keratoconus 3 (5-796). 
Extended wear soft contact lenses (EWSCL) were 
used by 13 patients, daily wear soft contact lenses 


Table 1 Summary of patient associations 





Assocustions Nos Subtotals 
Non-users of contact lens 31 (58-5%) 
Pre-existing corneal disease 22 (41 5%) 
HSV keratrtis 8 
Bullous keratopathy 4 
Cxeatricial conjunctivitis 2 
Dry eyes 2 
Neurotrophic keratitzs 2 
Atopic eye disease 2 
Leucoma 1 
Exposure 1 
Trauma/postsurpcal 5 (9-4%) 
Cornea! abrasion 2 
Lamellar graft 1 
Loose cataract sutures 2 
Miscellaneous 4 4(7 596) 
Topscal steroid use 
Blind eye from glaucoma 
Aphakia 
Systemic discase 
Contact lens 22 (41 5%) 
Cosmetic 10 (18-996) 
DWSCL* 3(5 7%) 
EWSCLt 7 (13 2%) 
Aphaloc DWHCLYDWSCLIEWSCL 3 3(5 7%) 
Keratoconus 3(5 7%) 
DWHCL 2 
DWSCL 1 
Therapeute 6(11 3%) 
DWHCL 1 
EWSCL 5(9 4%) 
Total 
*Daily wear soft contact lens. 
TExtended wear soft contact lens 


+Daily wear hard contact lens (polymethyimethacrylate and gas 
permeable) 


(DWSCL) by 5, and daily wear hard contact lenses 
(DWHCL) by 4. 

No cases occurred in patients without potentially 
predisposing factors. The only patients with pre- 
viously normal eyes were the cosmetic lens users and 
the patient with a myeloblastic disorder. 


MORBIDITY 

The age and sex of the study patients are given in 
Table 2 The cosmetic lens associated group are 
shown separately; they had otherwise normal eyes 
and would not have been under hospital supervision 
had they not developed keratitis. Their outpatient 
visits and time spent om treatment were directly 
attributable to the episode of keratitis (Table 2). Loss 
of vision in this group occurred in three patients with 
post resolution acuities of 6/12, 6/18, and perception 
of light, who claimed to have had normal vision 
before the episode. The patients in this study occupied 
a mean of 2-1 beds per day. This was 1-8% of the total 
number of available beds in the hospital, making this 
one of the principal causes of admission for medical 
treatment. 
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Table2 Morbidity 





Cosmetic lens users AL patents 
(n= 10) (n= 53) 
Age in yoars Range 16-69 25-88 
Mean 354 52 
Male female ratio 4M 6F 30M23F 
Days in hospital Range 3-37 3-37 
Mean 95 12 
Out patient visits Range 2->16 
Moan 5 
Weeks on treatment Range 2-»52 
Mean 14 


MICROBIOLOGY 

Corneal cultures were positive in 32 patients (60%). 
The frequency of positive cultures was the same in 
both contact lens and non-contact lens users (p>0-8). 
Corneal isolates from the study patients are shown in 
Table 3. Non-contact lens users were predominantly 


Table3 Corneal microbial isolates 
Bacterta Number 
Contact lens Others 


SCL* HCL} TCLt 


- Now 


Total a 


*Soft contact lenses (all cosmetic daily and extended wear) 
tHard contact lenses (aphakia and keratoconus daly wear) 
Therapeutic contact lenses (hard daily and soft extended wear). 


J KG Dart 


infected by Gram-positive cocci. The therapeutic 
contact lens (TCL) users were infected by the same 
spectrum of bacteria (p—0-391). However, the 
remaining contact lens users differed by being pre- 
dominantly infected with Gram-negative bacteria 
when compared with the other patients (p=0-0006). 
Pseudomonas was the commonest Gram-negative 
bacterial isolate and occurred more frequently in 
these contact lens wearers (p=0-009), though it 
was most strongly associated with soft contact lens 
use (p=0-001). Two further cosmetic soft lens 
wearers, whose corneal cultures were negative, had 
Pseudomonas recovered from their conjunctiva and 
contact lens respectively but have not been included 
in this analysis because they did not meet the criteria 
for identification of the causative organism. 


CONTACT LENS HYGIENE AND ITS CORRELATION 

WITH OCULAR BACTERIAL ISOLATES 

Fourteen contact lens users had their hygiene 
regimen evaluated by interview and their lens cases 
and solutions cultured when these could be obtained. 

The same organism was grown from two DWSCL 
patients' cases as from their cornea. Three EWSCL 
patients had not handled their lenses for four to 42 
days before the onset of their symptoms. In one of 
these cases Ps. aeruginosa was isolated from the 
corneal cultures and in another from the conjunctival 
cultures only. The third patient had keratitis, typical 
of Gram-negative infection, from which no organism 
could be recovered. All the lens solutions and eye 
drops used by these patients were sterile. The lens: 
case was cultured from the patient with a conjunctival 
isolate of Pseudomonas but was contaminated with 
different Gram-negative bacteria. 


Discussion 


There have been few studies on the frequency of 
factors predisposing to corneal ulcers. This study has 
confirmed that bacterial keratitis is rare in patients 
with normal eyes“ except in cosmetic contact lens 
users, and has shown that the use of contact lenses is 
now a major predisposing factor in microbial keratitis 
at one centre in the UK. The proportion of lens 
wearers affected is the largest reported so far, though 
there are comparable figures from previous reports in 
the USA.“ 25% of the patients in this study were 
using contact lenses for cosmetic reasons or for 
aphakia when spectacles or, in unilateral aphakes, an 
intraocular lens implant would have been an appro- 
priate form of correction. Their episode of keratitis 
resulted in considerable morbidity. The principal 
predisposing factors in patients who did not use 
contact lenses were the same in this study as in those 
published from similar centres in the last 15 years.** 
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This study differed from some earlier reports! * in that 
only one patient was a secondary referral for the 
management of microbial keratitis. All remaining 
patients were either already being treated at the 
hospital for predisposing disorders, or were admitted 
as self referrals or as referrals from general practi- 
tioners. These patients are probably typical of those 
with severe microbial keratitis in any metropolitan 
region in the UK. 

The recovery rate of 60% for bacteria from corneal 
cultures is similar to that in other studies," as is 
the similarity in the spectrum of bacteria causing 
keratitis in therapeutic lens users and non-wearers of 
lenses." The high proportion of soft-contact lens 
wearers infected by Pseudomonas has been noted in 
all studies reporting substantial numbers of contact 
lens wearers, 7"! though Staphylococcus and 
Gram-negative organisms other than Pseudomonas 
are also important.*’” In this study statistical analysis 
shows that the frequency of Pseudomonas keratitis in 
cosmetic and aphakic SCL users is high in compari- 
son with all other patients (p=0-001); it did not occur 
in any of the four HCL users, in which group 
Pseudomonas has rarely been reported. Infection 
with other Gram-negative organisms occurred in the 
HCL users, and the proportion of infections due to all 
Gram-negative organisms was higher in all contact 
lens wearers, except therapeutic, than in the remain- 
ing patients (p=0-0006). These findings suggest 
that the use of any contact lens, except therapeutic, 
may have modified the spectrum of microbial 
keratitis found in the general population of people 
predisposed to the disease, and that soft lens users 
may be particularly predisposed to infection by 
Pseudomonas. This is of concern because Pseudo- 
monas is the cause of the most severe fulminating 
keratitis and because most soft contact lenses are 
worn for ‘cosmetic’ p 

The risk of microbial keratitis associated with the 
different predisposing factors cannot be estimated 
from the type of study reported here because the size 
of the population at risk is unknown. However, the 
number of DWSCL and EWSCL users affected was 
higher than might be expected.” Although the 
proportion of microbial keratitis patients using con- 
tact lenses is now high at many centres, it must be 
emphasised that the risk of microbial keratitis to most 
contact lens users is low. Exceptions are the TCL 
group, who have ocular abnormalities which predis- 
pose them to ocular infection, and the aphakic 
EWSCL wearers in whom the risk of bacterial 
keratitis ranges from 1 to 6:100 patients per year.” 
There have been relatively few such studies on other 
lens types." These are of doubtful value because 
of uncertainties about the criteria for microbial 
keratitis, the indications for lens wear, variations in 


wearing patterns, and the relatively few cases of 


- keratitis reported. In the light of the epidemic of case 


reports of SCL keratitis it is possible that the upper 
estimates of microbial keratitis in SCL wear of 
around 1:1500 per patient year*" and the lower 
estimates for HCL wear of between 1:6500 and 
1:15500 per eye per year? may be realistic. It is 
certain that well designed studies need to be done to 
confirm the magnitude of the relative risk and if 
possible the absolute risk for cosmetic lens users. 

Differences in susceptibility to microbial keratitis 
for users of different lens types have not been 
explained. Pseudomonas, like most bacteria, 
requires an epithelial defect for corneal invasion." 
Such defects occur in all lens wearers at times." 
Bacterial contamination of lens care solutions and 
cases has been shown to occur in normal SCL users" 
and arises from organisms, including Pseudomonas, 
that are ubiquitous in our environment.? It is known 
that this may result in a large ocular inoculum. Many 
reports have shown a relationship between the 
corneal isolate and lens care material contamina- 
tion, 1? as in the two DWSCL users in this study. 
Bacteriological typing has confirmed this relationship 
beyond doubt,” suggesting that improved lens 
hygiene will decrease the risk of keratitis."? How- 
ever, little emphasis has been given to cases in which 
no relationship can be shown between the corneal 
isolate, deficient hygiene, recent lens handling, and 
solution contamination, even though several studies 
have recorded such patients." This occurred in 
three EWSCL users in this study and suggests that 
contamination of lens care materials may be irrele- 
vant in some patients. This finding, together with the 
high frequency of Pseudomonas. infection in SCL 
users, is evidence for the hypothesis that some 
patients wearing SCL may be uniquely susceptible to 
infection by ‘background’ levels of contamination 
from Pseudomonas or other Gram-negatives that do 
not affect normal people not wearing contact lenses. 
Recent studies of lens-bacteria interactions have 
shown that both Gram-positive and Gram-negative 
organisms may adhere to both hard and hydrogel 
lens surfaces? and possibly colonise the lens for 
prolonged periods.* It i$ probable that lens-eye- 
microbial interactions may be of greater importance 
than has been appreciated.*® These may explain 
some of the findings not explained by the contamina- 
tion of lens care materials alone. 

Now that contact lens wear is the most common 
predisposing factor for microbial keratitis in patients 
with previously normal eyes, there is a need for more 
research into its epidemiology, pathogenesis, and 
prevention. Meanwhile it is important that Gram- 
negative keratitis is considered in the differential 
diagnosis of all patients using contact lenses who 
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present with an acutely painful red eye. Early 
diagnosis and treatment are essential to reduce the - 
morbidity in this potentially blinding disease. 


I thank the consultant and resident staff at Moorfields Eye Hospital 
for facilitating examination of therr patients, M Matheson, BSc, for 
the mcrobsological data, R Escott and L Jones for clerical assist- 
ance, R Buckley, FRCS, Professor B Jay, MD, and Professor G 
Woodward, PhD, for constractrve coticism of the manuscript 
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Solar retinopathy following religious rituals 


MONIQUE HOPE-ROSS, STEPHEN TRAVERS, AND DAVID MOONEY 
From the Research Foundation, Royal Victoria Eye and Ear Hospital, Dublin, Ireland 


SUMMARY Four cases of solar retinopathy due to sun gazing during religious rituals are reported. 


All four patients suffered irreversible visual loss. 


In ancient times, Plato recorded Socrates's admonish- 
ment to avoid eclipse watching, yet it continues to be 
the major cause of solar retinopathy. We present a 
series of four patients who during religious rituals 
gazed at the sun for varying periods of time in an 
effort to witness an apparition. The purpose of this 
paper is to draw attention to the seventy and 
permanent sequelae of solar retinopathy. 


Case reports 


CASE 1 

A 58-year-old man presented to the Royal Victoria 
Eye and Ear Hospital in October 1985. He com- 
plained of blurred vision affecting both eyes and 
inability to read print directly in front of him. The 
onset of symptoms was a week prior to presenta- 
tion. While praying at a statue of Our Lady in 
Monasterevin, Co. Kildare, he had gazed at the sun 
for approximately six minutes in an effort to see an 
apparition. It was a weak October sky and he was 
wearing untinted lenses. While he was staring at the 
sun it turned black, but he could still see the edges. 
He looked away, the black spots persisted, and his 
vision was blurred 

On initial examination the corrected visual acuity 
was 6/18 in the right eye and 6/12 in the left eye. Slit- 
lamp examination gave normal results. Funduscopy 
revealed a yellow lesion at both foveas, surrounded 
by a circular red area (Figs. 1A, B). 

When seen in February 1987, 16 months after the 
initial injury, he still complained of poor visual 
acuity, glare, and spots in front of both eyes. 
Corrected visual acuity was 6/12 in both eyes. 
Funduscopy revealed that the yellow lesion had 
disappeared and was replaced by a diffused pigmen- 
tary change in the perifoveal area. At the centre of 
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each fovea there was a central ‘hole-like’ lesion (Figs. 
2A, B). 


CASE 2 

A 39-year-old man presented to the RVEE Hospital, 
in October 1986. He complained of blurred vision 
and black spots in front of his left eye. He had 
recently returned from a pilgrimage to Medjugorje, 
Yugoslavia. On 30 September in the late afternoon 
he had stared at the sun and had seen a vision. The 
following day he stared at the sun hoping to see the 
vision again. In an effort to do so he stared at the sun 
for 45 minutes. While staring at the sun he noticed a 
black spot, and when he looked away the black spot 
persisted. His vision was extremely blurred and 
worsened over the next day He was unable to 
recognise people, but over the next week his vision 
improved. 

On examination the best corrected visual acuity in 
the right eye was counting fingers and in the left eye 
was 6/9. The right eye had been divergent and 
amblyopic since childhood. The findings on slit-lamp 
examination were normal. Colour vision and 
Goldmann fields were normal. Funduscopy revealed 
a yellow lesion at the left fovea. This was surrounded 
by a red circular area. The right fundus was normal. 
Fluorescein angiography gave normal results. 

On review in July 1987 he still complained of a 
black spot in front of his left eye. His visual acuity had 
returned to 6/5. Amsler grid testing confirmed the 
presence of a small central scotoma. Funduscopy 
revealed a pigmentary disturbance at the left fovea, 
with a honeycomb pattern. 


CASE 3 
A 23-year-old nurse presented to the RVEE Hospital 
in June 1987. She complained of blurred vision and 
persistent black spots in the central field of vision of 
both eyes. 

The onset of her symptoms was five days prior to 
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Fig. 1A Fig. 1B 


Fig. 1 (A. right eye; B. left eye): Acute stage of solar retinopathy showing yellow lesion at both foveas, surrounded by a 
circular area. 


presentation. She had no previous ophthalmic On initial examination the patient's visual acuity 
history. While on a pilgrimage to Medjugorje she had was 6/9 in both eyes. Amsler grid testing revealed 
stared at the sun for 10 minutes in the late afternoon bilateral central scotomata. Colour vision. pupils, 
of a hot summer's day. While staring at the sun it and. Goldmann fields were normal. Funduscopy 
went a deep green, surrounded by a gold rim, and revealed a yellow foveolar lesion and macular 
when she looked away her vision was blurred. oedema in both eyes. 





Fig.2A Fig.2B 


Fig.2 (A, right eve; B, left eye): Late stage of solar retinopathy showing diffuse pigmentary change in the perifoveal area, 
and a central ‘hole-like’ area. 


Solar retinopathy following religious rituals 


Three weeks after the initial injury the patient's 
visual acuity had returned to 6/6 in both eyes. She still 
complained of bilateral central scotomata, confirmed 
on Amsler grid testing. Funduscopy revealed slight 
pigmentary change at both foveas. Fluorescein 
angiography gave normal results. 


CASE 4 

A 33-year-old woman presented to the RVEE 
Hospital in July 1987. She complained of a black spot 
in front of her right eye. In May 1987 she had been on 
a pilgrimage to Medjugorje. She had stared at the sun 
at 7.00 pm intermittently for a few minutes. While 
she was so doing, the sun had danced and changed 
colour from orange to black to white. When she 
looked away she noticed her vision was blurred, and 
there was a black spot in front of her right eye. 
Graduaily with time her vision improved, but the 
black spot has persisted. 

On examination her visual acuity was 6/9 in the 
right eye and 6/12 in the left eye. The left eye had 
been convergent and amblyopic since childhood. The 
findings on slit-lamp examination were normal. 
Colour vision and Goldmann fields were normal. 
Amsler grid testing of the right eye showed a central 
and two small paracentral scotomata. The left fundus 
was normal. The right fundus showed an irregular 
pigmentary disturbance at the fovea and perifoveal 
area, surrounding a central ‘hole-like’ lesion. 


Discussion 


In the 1940s an entity termed foveomacular retinitis 
was found in large numbers of military recruits.' 
Abnormal findings were frequently bilateral and 
limited to the fovea and perifoveal area. In the acute 
stage there was loss of the foveal light reflex, macular 
oedema, and a yellow exudate. The foveal exudate 
resolved after 10—14 days. In the later stages a hole- 
like lesion at the fovea was surrounded by a peri- 
foveal ring of coarse pigment. 

The aetiology of this lesion was disputed and was 
attributed to localised disease of the choriocapillaris 
or vasomotor disturbances. It is now generally 
accepted that the disorder was caused by sun gazing 
and is termed solar retinopathy.‘ 

Eclipse watching is the commonest cause of solar 
retinopathy. It has also been described in sun 
bathers, pilots, military recruits, in cases of mental 
* illness and drug abuse," and following religious 

rituals. During religious rituals pilgrims may become 

oblivious to the ocular discomfort induced, and may 
stare at the sun for peii periods of time, 
incurring significant visual 

Solar retinopathy is usually bilateral. If there is 
pre-existing strabismus, damage is limited to the 
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dominant eye. The prognosis for solar retinopathy is 
variable.* If there is early improvement in visual 
acuity, then full recovery may be expected within 
four to six weeks. Recovery to /6, however, may be 
accompanied by a permanent central or paracentral 
scotoma. 

Solar retinopathy is due to a combination of 
thermal and photochemical injury. A relatively large 
proportion of the solar energy is concentrated in the 
blue end of the spectrum. It is thought that solar 
retinopathy is caused by the photochemical effects of 
the short wavelengths in the visible spectrum at 400— 
500 nm, with some thermal enhancement from the 
longer wavelengths in the infrared.’ Experimentally 
it has been shown that the sensitivity of the retina to 
photic damage increases with a decrease in wave- 
length.” The basic photochemical mechanism under- 
lying the sensitivity of the retina to short wavelengths 
of visible light is unknown. Several photochemical 
mechanisms may be responsible for the observed 

e. 

The brunt of injury is borne mainly by the outer 
retinal layers. In the early stages there is damage to 
the retinal pigment epithelium, with oedema, 
irregular pigmentation, and frank necrosis." In 
the later stages there is focal loss of rod and cone 
nuclei and depigmentation of the retinal pigment 
epithelium.? 

Spectral transmission of lenses reveals that a 
significant number of standard tinted lenses transmit 
unnecessarily high amounts of light in the ultraviolet, 
visible, and infrared portions of the spectrum.” 
These lenses offer no protection against retinal 
damage following direct observation of the sun. The 
only way to avoid solar retinopathy is to refrain from 
sun gazing. During an eclipse the public should be 
advised to view the sun indirectly using a pinhole 
camera. 

We present here a series of four patients all of 
whom looked deliberately at the sun for prolonged 
periods of time. They were encouraged to do so by 
other pilgrims, who themselves had seen apparitions 
when staring at the sun. Two of the four patients were 
amblyopic in one eye, and suffered damage to the 
dominant eye. All four patients suffered irreversible 
visual damage, with persistent central scotomata. 

We should ensure that the public is aware of the 
dangers of sun gazing— whether during religious 
rituals, sun bathing, or eclipse watching. 
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Adrenaline dacryolith: detection by ultrasound 
examination of the nasolacrimal duct 


JOHN A BRADBURY, IAN G RENNIE, anb M ANDREW PARSONS? 
From the Departments of Ophthalmology and "Pathology, University of Sheffield 


SUMMARY A 73-year-old woman on topical pilocarpine and adrenaline for chronic simple 
glaucoma for three years presented with a mass in the medial canthus of the right eye. Although 
dacryocystography showed a dilated and partially obstructed nasolacrimal system, ultrasound 
examination was able to demonstrate a mass in the nasolacrimal duct. At operation a black 
dacryolith was found, of the diameter predicted by ultrasound. Histological examination of the 
dacryolith suggested its derivation from breakdown products of adrenaline. 


Ultrasound examination of the nasolacrimal drain- 
age system has been shown to be of value when the 
system is dilated in cases such as a mucocoele or acute 
dacryocystitis. It is of limited value in functional 
disorders, where the passage of fluid through the 
nasolacrimal system is slowed, producing a minimally 
dilated system.' No reports so far have illustrated the 
ability of ultrasound to demonstrate a mass in the 
nasolacrimal duct. This case illustrates the use of 
ultrasound in the detection of a solid mass in the 
nasolacrimal drainage system. 


Case history 


A 73-year-old retired nurse presented with chronic 
open-angle glaucoma in 1981, and she was treated 
with topical adrenaline 1% twice daily to both eyes. 
Four months later her intraocular pressures were 
found to be uncontrolled, and pilocarpine 4% four 
times daily was added to her medication to both eyes. 
In 1981 a left trabeculectomy was performed because 
of poor medical control. Pilocarpine and adrenaline 
were continued in the right eye. Because of travelling 
difficulties, from December 1981 her follow-up was 
continued at another unit. In 1986 she returned to 
this unit having suffered four episodes, over the 
previous eight months, of severe right-sided epiphora 
associated with a swelling over the right nasolacrimal 
duct She also noted the presence of a rusty discharge 
down the right nostril and reflux of this fluid into 
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her right conjunctival sac. In between these acute 
episodes the epiphora and a slight swelling at the 
medial canthus persisted but were less troublesome. 
Her right nasolacrimal duct had been irrigated during 
one of these acute episodes, which had caused some 
resolution of her symptoms. 

On examination a firm mass was palpable over the 
right lacrimal fossa extending slightly above the 
medial palpebral ligament. When the nasolacrimal 
system was cannulated through the lower punctum, 
the sac was entered easily. Irrigation with saline 
produced dilatation of the sac and a reflux of rust 
stained fluid through the upper punctum into the 
conjunctival sac. Cytological and microbiological 
examination of this fluid failed to show any abnormal 
cells or micro-organisms. The patient was unable to 
detect the passage of any fluid into the nasopharynx 
during irrigation. 

A right dacryocystogram was performed (Fig. 1), 
which showed filling of superior and inferior 
canaliculi; contrast fluid drained into the lacrimal sac, 
where it collected in irregular, globular pools. No 
contrast fluid was seen to enter the nasopharynx. This 
suggested a chronic obstruction of the nasolacrimal 
duct causing dilatation of the nasolacrimal sac. 


ULTRASONOGRAPHY 
Ultrasonography of the right nasolacrimal duct was 
performed with a Sonumetric Ocuscan 400 hand-held 
ultrasound scanner with a 40° sector 10 MHz probe, 
set at 1550 m/s velocity and with an attenuation of 
21 dB. 

With the patient in a prone position the ultrasound 
probe was held against the lacrimal fossa at an angle 
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Fig. 1 Right dacryocystogram. 
The contrast filled the superior and 
inferior canaliculi and drained into 
the lacrimal sac collecting in 
irregular globular pools. No 
contrast was seen to enter the 
nasopharynx 


of 45* to the vertical to obtain both A and B scan 
images, which were photographed with a Polaroid 
camera. 

The ultrasound examination showed a round mass 
in a dilated nasolacrimal sac (Fig. 2). The lesion had a 
poorly defined acoustic edge. with high internal 
reflectivity, and was not obviously attached to the 
wall of the sac, which had a normal appearance. The 





Fig.2 
in a dilated nasolacrimal sac. The mass has a poorly defined 
acoustic edge and high internal reflectivity. It is not attached 
to the wall of the sac. 


Ultrasound of right nasolacrimal sac: There is a mass 
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patient was admitted for exploration of the lacrimal 
sac under a general anaesthetic. 

A slightly larger than standard dacryocystorhino- 
stomy approach was employed to expose an enlarged, 
but otherwise normal looking lacrimal sac. A vertical 
incision was made into the sac; it revealed a solid 
black mass in its posterior-inferior portion, which 
extended down into the nasolacrimal duct. This 
lesion was removed in one piece with forceps (Fig. 3) 
to expose a grossly enlarged nasolacrimal duct. The 
posterior wall of the lacrimal sac looked slightly 
reddened and oedematous. A small biopsy was taken 
of this area and bacteriological swabs were taken for 
culture. A standard dacryocystorhinostomy was then 
performed. 





Fig. 3 


Adrenaline dacryolith. The dacryolith extended 
inferiorly into the nasolacrimal duct and superiorly into both 
superior and inferior canaliculi 


Adrenaline dacryolith: detection by ultrasound examination of the nasolacrimal duct 


HISTOLOGY 

The dacryolith was black, 4-5 cm long and 0-75 cm in 
maximum diameter. Histologically it consisted of 
amorphous eosinophilic material, which was both 
argentaffin and argyrophilic positive and was thus 
consistent with a dacryolith containing a high propor- 
tion of degraded adrenaline. Histology of the sac 
biopsy revealed a chronically inflamed mucous 
epithelium with no evidence of infection or malig- 
nancy. Bacteriological culture of the swab taken 
from the lacrimal sac revealed a scanty growth of 
Staphylococcus epidermidis. 


Discussion 


Diagnostic ultrasound of the nasolacrimal system has 
been found to be useful in assessing the size of the sac 
and duct, the condition of their walls, and the type of 
fluid in the sac, for example, pus or mucus. It may 
prove to be of particular use in the diagnosis of solid 
lesions such as dacryoliths, tumours, and granulo- 
mas, which, though less common, can be difficult to 
diagnose preoperatively Ultrasound may prove a 
useful adjunct to dacryocystorhinostomy in such 
cases. 

Dacryoliths are not uncommon if looked for 
carefully. Indeed Wilkins and Pressly! in their series 
of 94 dacryocystorhinostomies reported an overall 
incidence of 18%. In 25 cases of dacryoliths collected 
by Jones' epiphora was the commonest symptom 
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followed by mucopurulent discharge. As in this 
case, irrigation of the lacrimal system may afford 
temporary relief, perhaps due to fragmentation of 
the dacryolith. 

Both Jones’ and Wilkins and Pressly’ found the 
majority of patients to be below 50 years of age. In 
neither series were dacryoliths found to be caused by 
topical adrenaline therapy, which must remain an 
uncommon cause of nasolacrimal duct obstruction. 
Spaeth' describes three cases of dacryoliths, in 
patients with chronic simple glaucoma, who were 
treated with 296 adrenaline drops for at least one 
year. In all cases irrigation through the lower puncta 
caused the presentation of a dark plug into the nose 
or nasopharynx, which relieved the patient's symp- 
toms. Analysis of the dark plug showed this to be 
derived from adrenaline. 
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Yersinia-induced uveitis in Ireland 
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SUMMARY A prospective study was undertaken on 54 patients with an apparently idiopathic first 
attack of acute anterior uveitis. Blood samples were assayed for antibodies to Yersinia 
enterocolitica and Yersinia pseudotuberculosis, and tested for HLA type. Thirteen patients were 
found to have serological evidence of recent yersinia infection, eight with Y. enterocolitica and five 
with Y. pseudotuberculosis. The clinical course of uveitis did not differ from that typically found in 
HLA-B27 positive patients. Five patients were observed to develop non-ocular inflammation at a 
variable interval. The means by which eye inflammation follows yersinia infection is discussed in 
the light of recent theories on pathogenesis of HLA-B27 associated diseases. 


Acute anterior uveitis (AAU) is defined as irido- 
cyclitis lasting less than three months! and constitutes 
a significant proportion of all cases of uveitis. The 
incidence has recently been calculated at 8-2 new 
cases per 100000 population.' The differential diag- 
nosis of the precipitating cause has continued to 
change with new or more clearly defined clinical 
entities and improved laboratory diagnosis; however 
one recent retrospective analysis has shown that 4396 
of cases of AAU remain idiopathic.’ Reported data 
on the prevalence of HLA-B27 in AAU vary, with an 
average of 50%, and the role of environmental and 
genetic factors in the pathogenesis of HLA-B27 
associated disorders is not clear. It has long been 
suspected that AAU and related systemic inflamma- 
tions result from a triggering agent acting across a 
mucosal surface such as the intestine. Klebsiella 
species have attracted particular interest, and vari- 
able recovery rates from faeces of AAU patients 
have suggested, but not confirmed, an association.** 
Two retrospective studies in Finland have reported 
AAU associated with yersinia infection.*' 

Yersiniae are Gram-negative rods. The genus 
comprises the species Y. pestis, Y. enterocolitica, and 
Y. pseudotuberculosis, and the latter two are divided 
into several serotypes. Yersiniae have the capacity to 
grow in refrigerator temperatures, and contaminated 
food is thought to be the most common route of 
infection." Y. enterocolitica and Y pseudotuberculo- 
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sis are intestinal pathogens causing acute enteritis but 
may initiate immunological complications such as 
erythema nodosum and arthritis. Y. enterocolitica 
and Y. pseudotuberculosis are endemic in Finland, 
where antibodies against them are found in 3 to 8% of 
the general population.’ Yersiniae are not considered 
common pathogens in Britain or Ireland. However, a 
recent large survey in Dublin revealed that 31% of 
patients with acute appendicitis had serological 
evidence of yersinia infection." Accordingly it was 
decided to undertake a prospective study of patients 
with A AU for evidence of yersinia infection. 


Patients and methods 


PATIENTS 
Patients who presented between June 1985 and 
February 1987 with their first attack of AAU were 
eligible for inclusion in the study if no underlying 
cause was clinically evident. These patients had only 
eye symptoms. Patients were ineligible (1) if they had 
a prior diagnosis of a disease related to A AU, such as 
sarcoidosis or ankylosing spondylitis, or (2) if they 
had non-ocular symptoms, such as joint pain. 
Patients with chronic or primarily posterior uveitis 
were excluded. Fifty-four consecutive patients (35 
male and 19 female) were recruited. The mean ages 
were 32-6 years for male patients and 30-2 for female 
patients. 

Blood samples from the study group were com- 
pared with those from 120 healthy, asymptomatic 
controls. This control population was composed of 
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Yersinua-induced uveitis in Ireland 


medical students, blood donors, and antenatal clinic 
patients. 


METHODS 
Patient assessment. Diagnosis of AAU was in all cases 
made by slit-lamp biomicroscope examination and 
details recorded. Patients were questioned about 
non-ocular symptoms. In each case a venous blood 
sample was taken at presentation for HLA typing and 
assay for antibodies to yersinia. In 21 patients a 
second blood sample was taken after seven or more 
days (group 1), leaving 33 patients in whom only 
acute phase samples were taken (group 2). More 
wide ranging investigations were later performed on 
selected patients as indicated: in particular, sacroiliac 
or other joint x-rays were performed if joint symp- 
“toms or signs developed. 

Serology. All blood samples were assayed for 
antibodies to Y. enterocolitica serotypes 0:3 and 0:9, 
and Y. pseudotuberculosis I to V, the principal 
pathogenic serotypes in Europe. Titres were 
measured by tube saline agglutination tests on serum. 
This test detects IgM and agglutinating IgG ant- 
bodies, both of which are present in the acute and 
early convalescent phases of yersinia infection.” 
Control cultures, antisera, and a protocol for sero- 
logical testing were kindly supplied by the Yersinia 
Reference Laboratory, Leicester. Single high titres 
or a four-fold rise in titre were considered evidence of 
yersinia infection. 


Results 


The clinical features of patients in group 1 (with 
sequential samples) and group 2 (with acute phase 
samples only) are shown in Table 1. Thirty of the 
total of 54 patients, including all 13 patients with 
yersiniosis, were HLA-B27 positive. 

Group 1. Seven of the 21 patients who underwent 
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sequential sampling had serological evidence of 
yersinia infection. Y. enterocolitica 0:3 was the most 
common serotype. Patients with higher titres tended 
to develop more non-ocular abnormalities, particu- 
larly arthntis. It is consistent with previous reports 
that yersinia antibody titres are higher in patients 
with joint involvement.” 

Group 2. Yersiniosis was diagnosed in six of the 
patients who had acute phase sampling only More 
varied serotypes were identified in this group. Titres 
were lower than in group 1, but rising titres would be 
expected if sequential blood samples had been taken 
Ocular inflammation was the only evidence of disease 
in these patients, and this may have been a reason for 
poorer compliance with follow-up. 

In patients who had yersiniosis the clinical features 
of AAU were similar regardless of species or titres. 
Unilateral severe AAU was the rule, with visual 
acuity markedly reduced as with all HLA-B27 
patients. No patients had mutton fat keratic precipi- 
tates or secondary ocular hypertension. There was 
marked protein extravasation in the aqueous in 10, 
posterior synechiae in nine, and anterior vitritis in 
seven of the 13 cases In addition to topical therapy, 
subconjunctival corticosteroid and a mydriatic were 
required in 11 cases and oral corticosteroid in four. 
Uveitis resolved in all cases after treatment. Visual 
acuity improved to normal in all except patient 
number 7 Recurrence of AAU was seen in six cases, 
sometimes alternating to the fellow eye In patient 7 
secondary cataract developed which required extrac- 
tion. 

Five yersiniosis patients proceeded to develop 
non-ocular symptoms (arthralgia with or without 
diarrhoea or dysuria), in all cases within weeks 
of presentation (see Table 1). Joint symptoms 
developed in all five and sacroiliac joint x-rays were 
performed on these. Sacroiliitis was radiologically 
confirmed in three; knee and ankle effusions occur- 


Table 1 Ann-yersinia antibodies and clinical features in 13 patients with AAU after yersiruainfection Patients 8-13 had only 





acute phase blood samples taken 

Pattent Age Sex Yerzuua serotype Maximum ture Diarrhoea Arthas Urethritis 
1 23 M pseudotuberculogis III 160 - - - 
2 28 F enterocolitica 0 3 320 ex + T 
3 34 M enterocolitica 0 3 320 — * - 
4 29 M pseudotuberculons IV 320 - + + 
5 2 M enterocoluroa 0.3 640 * * - 
6 37 M enterocolitica 0:3 21280 * * * 
qe 45 M enterocolinca 0-3 160 z ~- - 
8 29 F enterocolinca 0.3 80 = - = 
9 30 F psexdoiuberculons Il 160 — -— - 

10 23 M pseudotuberculoss IV 160 = - — 

1 24 F pseudotuberculons HI 160 - ~ - 

12 43 M enterocolica 0 9 80 = - - 

13 20 F enterocolitica 073 80 — ~ - 
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red in the other two patients. Urethritis occurred in 
three patients, in whom chlamydia was excluded as 
the cause. 

Sarcoidosis was later diagnosed in two patients 
who were yersinia-negative. Brucellosis was diag- 
nosed in one patient whose acute-phase specimen 
contained antibodies to Y. enterocolitica 0.9 in titre 
1:320. This cross reaction is well descnbed.” 
Subsequent sampling gave negative results for 
yersinia and brucella agglutinating titres of 1:1280. 

Two members of the control population had titres 
to Y pseudotuberculosis IV of 1:160. The remaining 
118 were negative to all yersinia serotypes tested. 


Discussion 


This study has shown that a considerable proportion 
(2496) of patients who presented with an apparently 
idiopathic first attack of AAU had serological 
evidence of yersinia infection. Joint disease was the 
most common non-ocular consequence of infection, 
later becoming evident in five of the 13 patients with 
yersiniosis. Higher titres of antibody to yersinia were 
noted in this group. 

"Two retrospective studies from Finland reported a 
total of 45 cases of AAU; 42 of these followed Y. 
enterocolitica infection and three followed Y. pseudo- 
tuberculosis.*’ In contrast, AAU was associated with 
antibodies to Y. pseudotuberculosis in five of the 13 
yersiniosis patients in this study This reflects the 
relatively high reported incidence in Dublin of infec- 
tion with this pathogen ” 

Reiter’s syndrome follows genital infection, and 
the classical triad of urethritis, arthritis, and ocular 
inflammation is frequently incomplete. Similar 
arthritis developing in association with gastro- 
intestinal infection is termed ‘reactive arthritis’. 
More than 23 named organisms have been convinc- 
ingly implicated in reactive arthritis, including Y 
enterocolitica and Y. pseudotuberculosis." ^ Associa- 
tion with HLA-B27 has been confirmed in several 
studies. 

Timing of uveitis and arthritis after abdominal 
disease suggests that some kind of host reaction 
is involved in pathogenesis. Association with 
HLA-B27 implies genetic factors Bacterial factors 
influencing the outcome of infection are serotype and 
carriage of plasmids (extrachromosomal genetic 
material) which encode virulence. While these host 
and bacterial factors can be identified which influence 
outcome of infection by organisms such as yersinia, a 
hypothetical model must be discussed to explain the 
pathogenesis of inflammation. According to the 
molecular mimicry hypothesis, there is cross react- 
ivity between antigenic determinants on bacteria and 
the HLA-B27 antigens. A consequence of shared 
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determinants between host and foreign antigens is 
the production against foreign antigens of antibodies 
which attack target cells (for example, anterior uvea) 
bearing self antigens and thereby initiating an inflam- 
matory reaction. Cross reacting antigenic determ- 
inants are shared by all enteric organisms isolated 
from  B27-positive patients." However, cross 
reactivity cannot explain why the uveal tract (or 
sacroiliac joints) are preferentially affected, since 
B27 is not organ specific. The uveal tract is anatomic- 
ally an isolated area, relatively inaccessible to micro- 
bial infection but accessible to diffusible antibodies 
from the circulation. If target tissue in the uveal tract 
has molecular structures similar to those on microbes 
cross reacting with HLA-B27, then perhaps uveitis 
could be induced. 

Ina follow-up period of more than one year in most 
cases we have found inflammation to be confined to 
the eye in eight of 13 yersiniosis cases. This empha- 
sises that a complete reactive arthritis syndrome is 
unusual in AAU following yersinia infection, a fact 
apparent in another series.’ Acute anterior uveitis 
following yersinia infection may manifest independ- 
ently of joint, gastrointestinal, or urethral symptoms. 
However, these allied abnormalities may be sub- 
clinical rather than absent. Intestinal 1nflammation 
has been histopathologically confirmed in 6796 of 
reactive arthritis patients, 7396 of whom had no 
symptoms." Similarly, eye inflammation may be 
subclinical in patients who have clinically evident 
inflammation elsewhere due to yersinia or similar 
infection. In other cases the opposite may be true, 
with eye inflammation dominating the clinical 
picture. 

In recruitment of AAU patients for this study we 
selected patients who would probably not otherwise 
be investigated or in whom investigation would not 
yield a definitive diagnosis. The significant number of 
these patients with yersinia infection has prompted 
this report. While it may indicate unusually high 
prevalence of yersiniosis in Ireland, it 1s likely that 
the condition is underdiagnosed by ophthalmologists 
outside Scandinavia. 
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UNIVERSITY OF LONDON 


INSTITUTE OF OPHTHALMOLOGY 


_ Associated with MOORFIELDS EYE HOSPITAL 


The following Courses have been planned: 


1989 
9th-I3th January Paediatric Ophthalmology Course £235 
16th-18th January Eyelid, Lacrimal and Orbital Course £250 
Gth-24th February Final FRCS Refresher Course (Lectures only places available) £320 , 
2nd March Diabetic Retinopathy Dáy £75 
6th-10th March General Practitioners’ Course (Fully booked) Section 63 
19th-26th March Moorfields Macular Course: Arosa (Switzerland) £275 
10th-14th April Basic Contact Lens Course £275 
Sth-9th June Strabismus and Ocular Motility Course £235 
26th June-14th July Foundations of Clinical Ophthalmology £200 per module 
(three modules of one week each) 8113 weeks £550 
4th-22nd September Final FRCS Refreaher Course £380 
2nd-6th October Moorfields Macular Course (London) £300 
13th-17th November General Practitioners’ Course (Fully booked) Section 63 





Applications for all courses should be made to the 
Dean’s Office, Institute of Ophthalmology, 17-25 Cayton Street, London EC1V 9AT 


UNIVERSITY OF MANCHESTER 
DEPARTMENT OF POSTGRADUATE MEDICINE AND DENTISTRY 
THE MANCHESTER COURSE 
FOR F.R.C.S. IN OPHTHALMOLOGY 


on 
MONDAY, 20th — FRIDAY, 24th FEBRUARY, 1989 
at 
Manchester Royal Eye Hospital, Oxford Road, Manchester M13 
The following topics will be covered during the course: 

Retinal Disease 
Vitreoretinal Surgery 
Electrodiagnostic Testing 
Ultrasound 
Ocular Motility 
Neuro-ophthalmology 
Cataracts/Glaucoma 


; COURSE FEE: £195 
Residential accommodation is available at nearby hotels at an additional cost. 
Application form and further details available from: 


The Secretary for Advanced Courses, Department of Postgraduate Medical 
Studles, Stopford Bullding, Oxford Road, Manchester M13 9PT. Tel: 061 275 5029. 














UNIVERSITY OF GLASGOW 
MARY HAWTHORNE PRIZE 
(MEDICAL OPHTHALMOLOGY) 


The Prze of the value of two hundred and fifty pounds, 
will be awarded for the best paper or sesay, published 
or unpublished, which gives evidence of independent 
study or reeearch In some aspect of medical ophthal- 
mology. The Prize will be awarded normally to Medical 
Graduates of the University of Glasgow, but consider- 
abon may also be extended to essays submitted by 
Graduates or Licentiates of other medical schools as the 
result of a period of study or research of not lees than six 
months’ duration in a Teaching Hospital associated 
with the University of Glasgow 


Cadidatos are requested to comply with the following 

instructions: 

(a) Composstons must be lodged with Professor W S 
Foulds of the Department of Ophthalmology, 
Western Infirmary, Glasgow G11 6NT on or before 
31 March 1889, after which day none can be 
received 

(b) All quotations must be carefully marked, and 


accurate references to their respective authorities - 


must be grven 
ic) COMPOSITIONS, IF NOT TYPEWRITTEN, MUST 
BE SUBMITTED IN CLEAR AND LEGIBLE HAND- 
WRITING. 
Note. The University Senate may withhold or modify 
any prize H none of the compositions submitted 
reaches a sufficiently high standard of ment. 


ABC OF AIDS 


EDITED BY MICHAEL W ADLER 





STATISTICS AT 
SQUARE ONE 


Eighth edition 

T DV SWINSCOW 

The statistical testing of data is indispensable 
in many types of medical investigations and a 
help on countless occasions in clinical 
practice. This book provides step by step 
instruction. Subjects covered include 
standard deviation, XC? tests, t tests, non- 
parametric tests, and correlation. The book 
includes sections on Fishers exact 
probability test and rank correlation not 
published in the original BMJ series. 
Methods specially adapted to pocket 
calculators. 

Price: Inland £3.00; Abroad £4.50; 

USA$8.00 

BMA members: Inland £2.50; 

Abroad £4.00; USA$7.00 


The facts 





Today’s most widely known and perhaps most generally feared and 

disease, AIDS presents particular problems for non-specialist the future 
doctors. So far treatment of patients with AIDS has been largely 

confined to specialist centres so that, although the disease will pane tend £9 95 


inevitably spread, few doctors have had much experience of fmammake I 00 


managing it. The ABC of AIDS provides essential details on the — Ausedcii SoUSASIS 00 
development of the epidemic, management of early HIV infection, preety Sr 
tumours, and the respiratory, neurological, and gastrointestinal 
manifestations. It discusses the treatment of infections and the 
prospects for vaccines and prevention as well as outlining 
programmes for counselling, nursing, and the control of infection. 
Edited by Michael Adler, a leading authority on the topic, the ABC 
of AIDS is a vital guide that no medical practitioner can afford to 
be without. 


Paymeat must be eaciosed 
wrk order 
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D276 Govan's Depressor/Marker, Scleral 
D1228 Birks Micro ‘Colibri’ Forceps 
D1226/22 Beoked (Colibri) Micro Forceps: 


DIXEY INSTRUMENTS LIMITED 


Ophthalmic Instruments & Apparatus 
19 Wigmore Street 
London W1A 4DU England 
Telephone: 01-580 1713 Telex: 268312 














Inahurry. 
for Healonid ? 


Running low 
on lenses ? 


At Pharmacia, our reputation tor innovative 
ophthalmic products is matched only by our 
commitment to efficient service 

To satisfy the increasing demand for urgent 
deliveries of Healonid" and IOLs, we offer 
the following 


6 Datapost delivery 
@ Courier services 
@ Personal delivery 
@ London sales 
Tel: 01-935 5555 

@ Optional 
purchasing schemes 
@ Training courses 
@ Meeting 
information service 


Contact Birgitta Keenan.our Customer 
Services Administrator on 0908 670413 
for further details. 


Pharmacia Limited 

Ophthalmics Division 

Pharmacia House Midsummer Boulevard 
Milton Kevnes MK9 3HP 

Tel: 0908 661101 (24 hour answering service 


Pharmacia 


Ophthalmcs — — 
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